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ABSTRACT 
ANALYSES OF INDICES OF ABUNDANCE FOR IMPORTANT 
 GROUNDFISH SPECIES IN THE NORTHERN GULF OF MEXICO  
FROM 1987-2009, RELATIVE TO SHRIMP BYCATCH; WITH 
 AGE AND GROWTH OF THREE SCIAENID SPECIES 
by Allison Renee Odom 
August 2015 
 Bycatch in the shrimp fishery became of particular concern in the 1980s, during 
the peak of shrimp harvest in the northern Gulf of Mexico. Shrimp bycatch is of major 
importance because the majority of catch in the fishery is not intended target species of 
commercial shrimp, and most of the additional bycatch is returned to the sea dead or 
dying, inducing higher rates of mortality. This study was developed to assess the 
potential ecosystem effects of shrimp harvest on thirty selected species/species groups 
commonly encountered within the shrimp fishery as bycatch. Delta-lognormal modeling 
(DLM) was used to determine the relative abundance of these species over a twenty-three 
year time period from 1987-2009, using SEAMAP survey data collected by the National 
Marine Fisheries Service.  
 Six covariates were used in each submodel during the DLM process and 
additional type III tests for the effects of shrimp effort were conducted (p<0.0001 for the 
majority of species for all variables). A principal components analysis was also 
performed using fourteen variables to determine patterns in correlations of the data 
among species observed during the modeling process.  
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 In addition, three of the selected Sciaenids were aged, but only Micropogonias 
undulatus was able to be used for a comparative analysis to available historic data to 
determine changes in age and growth from the peak of shrimping in 1985 (Barger) to 
2009. There was a statistical difference in age and growth parameters (p<0.0001) from 
historical data from Barger to those presented in this study from 2009 (Odom). 
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CHAPTER I 
INTRODUCTION 
Background for this Study 
Shrimp Harvest 
 Shrimp harvest is one of the most important fisheries in the United States.  Two 
U. S. fisheries exist for the harvest of shrimp, one for cold-water species in the northeast 
and northwest areas of the country and one for warm-water species in the Gulf of Mexico 
and South Atlantic (GSA) regions. The GSA region alone represents the majority of 
domestic shrimp harvest in the United States (FAO, 2008). Commercial shrimp harvest 
for warm-water species began around 1817 along the southeastern Atlantic coast of the 
United States with cast nets and haul seines, but by 1930, newly designed and modified 
otter trawls accounted for 90% of the shrimp catch (FAO, 2008).  Three warm-water 
species comprise 97% of the commercial shrimp harvest in the GSA: pink shrimp 
(Farfantepenaeus duorarum), white shrimp (Litopenaeus setiferus), and brown shrimp 
(Farfantepenaeus aztecus). A few other species are also harvested in small quantities, 
including rock shrimp (Sicyonia brevirostris), royal red (Pleoticus robustus), and seabob 
(Xiphopenaeus kroyeri) (Ward et al., 2004; Iverson et al., 1993).  
In the Gulf of Mexico, the harvesting of shrimp also includes the harvest of a 
considerable amount of bycatch. Bycatch in this scenario is defined as anything harvested 
other than one of the commercially targeted shrimp species in the Gulf of Mexico 
(Farfantepenaeus duorarum, Litopenaeus setiferus, Farfantepenaeus aztecus, Sicyonia 
sp., Pleoticus sp., Xiphopenaeus sp.).  Target shrimp species are removed from the catch, 
and with the majority of remaining bycatch discarded over the side. Even though bycatch 
is returned back to the sea, a minimal amount of the discarded catch survives, essentially 
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removing all of the fished individuals from the system through induced mortality. Over 
the years, the harvest of shrimp has continuously removed a considerable amount of 
biomass from the Gulf of Mexico ecosystem. Discard rates have been estimated from 
sources and presented in two FAO (Food and Agriculture Organization) documents 
detailing shrimp fisheries and discards (Gillett, 2008 and Alverson et al., 1994). Gillet 
(2008) estimates that 5.25 pounds of bycatch is discarded for every pound of shrimp kept, 
resulting in a discard rate of 84 percent. Alverson et al. (1994) estimates that 10.3 
kilograms are discarded for every kilogram of shrimp retained, resulting in a biomass 
discard rate of over 91 percent.  With such a massive rate of discard rate in the Gulf of 
Mexico, it is very important to understand how the ecosystem is being affected by this 
removal, given that most discards do not survive the trawling process.  
The Movement to Ecosystem-Based Management 
  Since an ecosystem represents enormously complex interconnections, in recent 
years, there has been an increased movement towards more sustainable fisheries through 
ecosystem-based management. Ecosystems are complex, and have been defined by 
several instrumental scientists as “a system of complex interactions of populations and 
between themselves and with their environment” or as “the joint functioning and 
interaction of these two compartments (populations and environment) in a functional unit 
of variable size” (Garcia et al., 2003, pg. 7; Odum, 1975; Ellenberg, 1973; Nybakken, 
1982; Scialabba, 1998).  
Fisheries management cannot control any factors affecting the marine ecosystem, 
except only the harvest of various species. Ecosystem-based management refines further 
evolves the management process by incorporating “management decisions which involve 
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a broad awareness of the consequences of fishing or other human actions to an 
ecosystem…used to infer the necessity of understanding multispecies interactions and 
questions of altered structure of the biological community” (FAO-ACMRR, 1979). When 
considering an ecosystem approach to the management (of any system), one must 
consider many direct and indirect all factors affecting the system, both direct and indirect 
(Crowder et al., 2008). Recognizing that ecosystems are remarkably complex by nature, 
it is extremely difficult to balance societal demands against with the management 
decisions that must be made for the health of the ecosystem in question. In 1999, the 
Ecosystem-Based Fishery Management Report to Congress (Ecosystems Principles 
Advisory Panel, 1999), pointed out that the traditional goals of fishery management in the 
past has included revenue, employment, recreational opportunities, and maintenance of 
traditional fishing lifestyles. Health and sustainability of the system in question also 
needed to be considered within in these goals to account for a total ecosystem approach 
to fishery management (Lubchenco et al., 1991 and National Research Council, 1999). In 
keeping with this consideration, the goal of this study was to examine the impacts that 
shrimp harvest has had on many of the bycatch species encountered in the Gulf of 
Mexico ecosystem which experienced large changes in shrimping effort over a 23-year 
time series (1987-2009).  
Changes in Shrimp Effort Over Time 
 As costs increased over time for the industry, shrimp harvest has undergone a 
severe decline, especially from 2002-2009 (Figure 32). This rapid decline triggered a 
distinct impact on shrimp harvest, as well as the associated bycatch. Such a rapid release 
in the reduction of fishing pressure in a system can change the predator-prey dynamics of 
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an ecosystem. As a predator is depleted or drastically reduced in the environment, its prey 
will increase in abundance, since they are no longer being suppressed or removed from 
the system at the same rate. In the case of the shrimp fishery, multiple species have been 
affected as opposed to just instead of one or a few; the since the bycatch rate is high. The 
massive amount of bycatch that was being removed from the ecosystem by induced 
mortality is comprised of multiple species. This study will focus on the effects of shrimp 
harvest on thirty of those bycatch species or species groups.   
Direct removal and mortality of many individuals through induced mortality by a 
dominant controlling force (shrimp harvest) can cause regime shifts, which has been 
documented for many scientists in many ecosystems. Regime shifts have occurred in the 
Northwest Atlantic, with a shift from a teleost-dominated to an elasmobranch-dominated 
system (Fogerty and Murawski, 1998); as well as in the Black Sea, where two distinct 
shifts first involved a change in dominance, one from predatory pelagic fish dominant to 
planktivorous fish dominant, and secondly involved a change from planktivorous fish to 
invasive gelatinous plankton dominant (Daskalov et al., 2007). In these regime shifts are 
just a few examples, but in both systems, these shifts were presumably resulted from a 
release from heavy fishing pressure. 
Reduction of fishing may intensify competition on prey species by allowing 
increased abundance among prey species. When multiple species are released by a 
reduction in fishing pressure, their increase in abundance cannot be limitless due to 
density-dependent interactions. After an initial period of population increase, some 
species may again decline as a result of interspecific and intraspecific interactions 
(Mangel and Levin, 2005). 
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In the Gulf of Mexico, shrimping has been a dominant economic driver since the 
early twentieth century. Shrimp harvest effort data for the Gulf of Mexico highlights 
1987 as the peak of fishing effort between 1960 and 2009. In 2002, fishing effort within 
the shrimp industry started to decline rapidly; the harvest was reduced by 26% compared 
to the peak harvest rate in 1987. This level of reduction in shrimp harvest continued until 
it was reduced by 74% in 2009 (SEFSC NMFS, unpublished data).  
Economic Impacts to the United States Domestic Shrimp Industry 
 Since 2002, three major factors led to the decline of shrimping effort in the Gulf 
of Mexico: 1) an increase in imported shrimp products, 2) increased vessel operational 
costs, and 3) the devastating impact of hurricanes Rita and Katrina in 2005 (FAO, 2008). 
Despite the decline in fishing effort in the Gulf of Mexico, the United States has 
remained the largest market for shrimp products in the world since 1998. However, most 
of the market is now comprised of imported rather than domestic products.  The lower 
cost of imported products has led to a drastic decrease in the value of domestically landed 
shrimp in the United States (FAO, 2008). From 1997 to 2002, prices for domestic shrimp 
decreased 27% for the Gulf of Mexico and 24% for the South Atlantic region; while 
imports into the United States increased 300% (Ward et al., 2004).  
An estimated 80% of all shrimp products imported into the United States are 
estimated to come from aquaculture alone (FAO, 2008). Technological advances in the 
field of aquaculture ensure shrimp are reared consistently in terms of quality, year-round 
availability, and control over species and sizes produced. Thus, farm-raised shrimp are 
considered by some to be more reliable than their harvested wild counterparts (Ward et 
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al., 2004). Consistent production has undoubtedly contributed to the increase of imported 
shrimp from 48% in 1978 to as much as 80% in 2004 (FAO, 2008). 
 Operational costs for shrimp fishermen have recently increased, including higher 
fuel prices, higher insurance premiums, and costs associated with bycatch reduction, such 
as turtle-excluder devices (TEDs) and by-catch reduction devices (BRDs). Increased 
operational costs have contributed to low or sometimes even negative profitability of 
harvesting wild shrimp (Ward et al., 2004). Increases in fuel prices are the primary 
concern for the industry, which rose steadily from the mid-1990’s through the early part 
of the 2000’s, with drastic increases in 2004 and 2005 (Clay, 1996). In 1990, federal 
mandate required the incorporation of TED’s for all warm-water shrimpers over 25 feet 
long working in the GSA. Over time, bycatch reduction devices became a requirement 
for all shrimp trawls operating in the central and western Gulf of Mexico by 1997, and 
for the eastern Gulf by 2003 (Cascorbi, 2004). Implementation of these devices does 
reduce the retention of shrimp in trawls, albeit by very small amounts (FAO, 2008). 
  By 2005, the already struggling shrimp industry was further devastated in the 
Gulf of Mexico by hurricanes Rita and Katrina. The average landings in September of 
2003 and 2004 compared to the landings during the same time period in 2005, showed a 
97% decrease in landings directly after the storms. The storms destroyed the shrimp 
processing infrastructure of many of the coastal states, primarily in Mississippi and 
Louisiana (Hogarth, 2005). The shrimping grounds were decimated during hurricane 
Katrina, as well as many commercial fishing vessels, drastically reducing the shrimp fleet 
to a small fraction of what it once was (Posadas, 2007).   
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Objectives 
“Fishing remains one of the largest factors modifying marine ecosystems” (Crowder et 
al., 2008). How and to what extent does fishing modify these systems? It is important to 
realize how many factors affect the marine ecosystem, and how they are linked to each 
other. This is an almost impossible task, for everything cannot be possibly accounted for 
in complex marine systems. However, we can factor in many factors known to affect the 
marine ecosystem along with their linkages; then manage these systems based on the 
known factors. 
We know that the effects of artisanal, recreational, and commercial fisheries 
change marine food webs via direct removal of species from the system (Crowder et al., 
2008). The human-induced influence of fishing pressure potentially causes multiple shifts 
within many aspects of the marine ecosystem. Fishing pressure can cause such 
modifications as shifts in trophic levels (Pauly et al., 1998; Pauly and Palomares, 2005), 
regime shifts (Daskalov et al., 2007), changes to the competitive balance of the species 
(interspecific or intraspecific competition), as well as changes to a species growth rates, 
abundances, and reproductive habits (Mangel and Levin, 2005; Folke et al., 2004). Some 
of these types of impacts mentioned could also cause an ecosystem to shift to an alternate 
stable state, from which it once was (Folke et al., 2004).In this study, I will examine 
inferred effects of the decline of fishing effort in the shrimp industry in terms of the 
abundances of several of the bycatch groundfish species in the northern Gulf of Mexico. 
The objectives of this study are: 
Objective 1: Develop annual indices of abundance for thirty groundfish species or 
species groups from NOAA NMFS SEFSC (National Oceanic and Atmospheric 
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Administration National Marine Fisheries Service Southeast Fisheries Science Center) 
annual groundfish surveys, including those of high biomass and ecological or 
recreational/commercial importance. These indices will be compared against annual 
estimates of the shrimp industry’s catch effort in the northern Gulf of Mexico to 
determine the correlation of shrimp fishing effort with the abundances of certain 
groundfish species.  
 H0: There are no significant correlations between shrimping effort and the indices 
of abundance for the thirty selected groundfish species in the northern Gulf of 
Mexico. 
 
 HA: There are significant correlations between shrimping effort and the indices of 
abundance for the thirty selected groundfish species in the northern Gulf of 
Mexico.  
 
Objective 2: As preliminary analyses indicate that Atlantic croaker, 
(Micropogonias undulatus), sand seatrout, (Cynoscion arenarius), and the silver seatrout, 
(Cynoscion nothus), have recently undergone tremendous increases in abundance, the 
second objective of this project will be to determine if growth rates of these three 
sciaenid species have changed between the period of peak shrimping effort (1987-2001) 
and the recent period of shrimp effort decline (2002-2009) in the northern Gulf of 
Mexico.   
 
 H0: There are no significant differences in age and growth parameters of 
Cynoscion arenarius, Cynoscion nothus, and Micropogonias undulatus based on 
otolith analyses from before the shrimp fishery decline (1987-2001) compared to 
after the shrimp fishery decline (2002-2009). 
 
 HA: There are significant differences in age and growth parameters of Cynoscion 
arenarius, Cynoscion nothus, and Micropogonias undulatus based on otolith 
analyses from before the shrimp fishery decline (1987-2001) compared to after 
the shrimp fishery decline (2002-2009). 
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CHAPTER II 
ANALYSIS OF THIRTY SPECIES/SPECIES GROUPS FROM 1987-2009,  
RELATIVE TO SHRIMP BYCATCH 
Introduction 
The Southeast Fisheries Science Center (SEFSC) National Marine Fisheries 
Laboratory (NMFS) in Pascagoula, Mississippi has conducted surveys within the 
northern Gulf of Mexico since the 1950’s. All resource surveys conducted by SEFSC 
NMFS serve the primary goal to “provide information on year to year variations in 
abundance of the living marine resources of the southeast” (Nichols, 2004, pg 2). 
However, until 1972, most of these surveys were considered exploratory in nature and 
did not have any particular target areas or follow any standardized methodology. 
Beginning in 1985, the SEFSC began to explore groundfish resources with a random 
sampling design that recorded accounts of all species caught (Nichols, 2004).  
SEAMAP 
In 1987, the current design of the Southeast Area Monitoring and Assessment 
Program (SEAMAP) survey was implemented. This SEAMAP design is still in use 
today, and is conducted on an annual basis in both summer and fall. The SEAMAP 
survey standard collection gear for groundfish surveys consists of a semiballon shrimp 
trawl with a forty-two foot headrope (Nichols, 2004). The current survey is conducted in 
a clockwise pattern from the coast of Texas to Alabama, with one station per stratum 
selected for sampling. Over the years, SEAMAP surveys have collected information on 
the fauna of the northern Gulf of Mexico such as species composition, abundance, 
length/weight frequencies, sex ratios, and maturity.  
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SEAMAP Survey Protocols 
SEAMAP survey protocols have evolved since their application in 1987 to 
include a finer resolution of data collection. The survey has implemented cross-stratum 
trawling, developed a very fine structure for stratification of the gear at depth, and set a 
standard towing speed of 3 knots. The complexity of the data collected has also increased 
over the years by adding night versus day comparisons of catch, which essentially 
doubled the previous years’ sampling effort (Nichols, 2004). This survey has a standard 
scientific collection permit that gives NMFS an exemption from the use of turtle excluder 
devices and bycatch reduction devices; therefore, all catch susceptible to the trawl net is 
collected. The SEAMAP groundfish survey is the only federally conducted fishery 
independent survey for the northern Gulf of Mexico, therefore, it is extremely important 
for fisheries management. This survey allows for a representative picture of all catch of 
the shrimp fishery, whether target or bycatch species. Such a long standing collection of 
data for groundfish species inhabiting the northern Gulf of Mexico provides a large 
amount of data over the time series. One goal of this study is to examine the abundances 
of many ecological or recreationally important species in the northern Gulf of Mexico, 
including both managed and non-managed species. 
Problems with Analyzing Fisheries Data 
With regards to organisms in the marine environment, it is important to recognize 
that the marine environment is extremely patchy (Pennington, 1996), and thus data are 
highly skewed. Dealing with skewed data can be problematic when trying to obtain 
abundance estimates for a particular species. Typically, catch is not normally distributed 
in the marine environment, and high variance in catch is usual. Catch can be highly 
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variable because of the distribution patterns of marine organisms, which seek 
environments that best suit their needs (food, survival, reproduction, etc.). Because of the 
tendency for great variance in catch, a simple mean abundance or variance may grossly 
under or overestimate a species’ true abundance.  
There are a few ways to deal with the problem of over or underestimating 
estimates of abundance. Sampling effort could be increased to improve the precision of 
estimates, or a more appropriate statistical approach could be used. Increasing sampling 
effort would be ideal, but is often very costly and not very realistic. However, there are 
more appropriate statistical procedures for dealing with extremely variable data, which 
may also contain a lot of zeros. For example, the delta-lognormal method for estimating 
abundance is the most appropriate approach with fisheries data, because it allows for the 
possibility of a zero catch. Delta-lognormal modeling is well adapted for the extreme 
patchiness that occurs within the marine system. This modeling approach employs two 
distinct submodels, and the combined product is used to create an index that has been 
successfully applied to many organisms (Pennington, 1996, 1983; Ingram, 2010; 
Stefánsson, 1996; Porch and Scott, 1994; Lo et al., 1992; Pollack, 2009). 
Methods 
Species Selection 
Thirty species or species groups that occur within the groundfish catch during 
SEAMAP surveys were selected for analysis, including both currently managed species 
and those of either great ecological or recreational importance. Sixteen of the thirty 
species/species groups of interest were chosen because they represented everything with 
1% of catch or greater over the time period. Fourteen other species/species groups of 
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ecological, recreational, or commercial importance that fell below 1% of the catch were 
also included. These additional species were determined vital for the analysis to ensure a 
more representative overview of the catch encountered on the shrimping grounds. The 
percentage of catch was determined by the overall weight of the catch in metric tons over 
23 years of groundfish data.  
Table 1 
Thirty species or species groups of interest selected for analysis that were encountered in 
the SEAMAP groundfish surveys from 1987-2009.  
 
Species/Species Group   Percent of Catch 
Micropogonias undulatus 24.60 
Stenotomus caprinus 11.06 
Peprilus burti 6.85 
Leiostomus xanthurus 5.17 
Chloroscombrus chrysurus  5.07 
Farfantepenaeus aztecus 3.81 
Synodus foetens 3.28 
Ariopsis felis 2.19 
Cynoscion arenarius 2.02 
Cynoscion nothus 1.96 
Trachurus lathami 1.74 
Lagodon rhomboides  1.31 
Pristipomoides aquilonaris  1.24 
Trichiurus lepturus  1.30 
Callinectes similis  1.21 
Centropristis philadelphicus  1.07 
Lutjanus campechanus 0.82 
Litopenaeus setiferus  0.53 
Rhizoprionodon terraenovae 0.35 
Lutjanus synagris  0.33 
Menticirrhus americanus  0.28 
Charcharinus spp.  0.26 
Balistes capriscus 0.25 
Mustelus spp.  0.23 
Brevoortia patronus  0.20 
Farfantepenaeus duorarum  0.18 
Paralichthys lethostigma  0.14 
Rhomboplites aurorubens  0.09 
Scomberomorus cavalla  0.06 
Grouper (Mycteroperca/Ephinephelus spp.) 0.02 
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Each species total catch for each year was added together and divided by the 
overall total catch and multiplied by one hundred to determine the percentage of catch for 
each species that could be equally compared among all species in the analysis.  
Study Site 
 
 
Figure 1. Map of the NOAA Groundfish Survey sampling area in the northern Gulf of 
Mexico. This map displays the statistical reporting zones 10-21. 
 
Indices of estimates of annual abundance for the thirty species/species groups 
collected over a twenty three year time period during SEAMAP groundfish surveys were 
developed from data collected from 1987 to 2009.  The year 1987 was selected as the 
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starting point since it was the first year in which the current random sampling protocols 
were implemented for the SEAMAP survey program (Nichols, 2004). The last year of 
data analysis chosen was 2009, which was the last full year of data collected before I was 
employed at the NMFS Pascagoula laboratory while working on this thesis project. 
Analyzing data that was collected under the same sampling protocols for the entire time 
series (1987-2009) allows for equitable treatment of the data.  
All data were collected from the years 1987-2009 during standard SEAMAP 
groundfish surveys conducted by NMFS MS (Mississippi) laboratories. The delta-
lognormal modeling approach estimated relative abundance indices for the thirty 
species/species groups of interest that were caught in the annual groundfish SEAMAP 
surveys (Lo et al. 1992; Ortiz et al., 2000). The delta-lognormal approach uses two 
separate sub-models to develop the indices:  one binomial and one lognormal.  The 
advantage of using a delta-lognormal approach is that it allows for the probability of zero 
catch, which is very prevalent when dealing with fishery data (Ortiz et al., 2000, 
Pennington, 1983;1996). Stefánsson (1996) used this approach to analyze groundfish 
survey data, and Porch and Scott (1994) found that using the delta-lognormal model 
yielded the most accurate abundance estimates when a large amount of zeros are present. 
Delta-lognormal approaches to analyses have been used in several studies in the Gulf of 
Mexico, including analysis of stocks of Atlantic bluefin tuna (Thunnus thynnus)(Ingram 
et al., 2010) and brown shrimp (Farfantepenaeus aztecus) (Pollack, 2009).   
Delta-lognormal Modelling. The delta-lognormal regression method by Lo et al. 
(1992) can be estimated by the overall equation  
Iy = cypy 
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where cy is the estimate of mean CPUE for positive catches only for year y; and py is the 
estimate of mean probability of occurrence during year y. Both parameters cy and py
 
are 
estimated using generalized linear models. Data used for estimates of abundance for 
positive (non-zero) catches (c) and the probability of occurrence (p) were assumed to 
have lognormal and binomial distributions using the following equations, respectively,  
ln   	 
  
and  
 
   
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where c is a vector of the positive catch data, X is the design matrix for main effects, β is 
the parameter vector for main effects, and ε is a vector of independent normally 
distributed errors with expectation zero and variance σ2 (Ingram et al., 2010). In this 
study, the main effects used to develop the model were the aforementioned covariates of 
year, season, time of day, depth zone, shrimp statistical zone, and bottom type.  
The final model was built on the two aforementioned sub-models that treat the 
proportion of tows with a positive catch and catch rates at stations with positive catches 
separately. The proportion of positive catch sub-model assumes a binomial error 
distribution with a logit link function, whereas the positive catches sub-model assumes a 
lognormal distribution with a log link function.  
Delta-lognormal Model Parameters 
The products of each submodel used in the delta-lognormal approach are used to 
create an index of relative abundance (Lo et al., 1992). Over the time period (1987-2009), 
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as few as 315 stations and as many as 602 stations were sampled each year with an 
average of 392.4 stations per year (standard deviation +/- 56.5 stations). In each of these 
submodels, six covariates will be included: year (1987-2009), season (summer or fall), 
time of day (day or night), depth zone (23 zones), statistical zone (10 through 21, minus 
12) (Figure 1), and bottom type (gravel, mud, rock, or sand). Depth zones range from five 
to sixty fathoms, increasing in increments of one, two, three, and five fathoms(05-06, 06-
07, 07-08, 08-09, 09-10, 10-11, 11-12, 12-13, 13-14,14-15, 15-16,16-17,17-18, 18-19, 
19-20, 20-22, 22-25, 25-30, 30-35, 35-40, 40-45, 45-50,50-60). One exception was made 
to the model parameters, for grouper, where the depth zones were modified into 
increments of ten fathoms so that the model would converge (modified depth zones were 
05-10, 10-20, 20-30, 30-40, and 50-60).  Index calculations were conducted in SAS® 
with the GLIMMIX and MIXED procedures to develop the sub-models and annual 
indices of abundance for all species. Covariates of both sub-models were considered 
statistically significant and accepted with an alpha level significance of 0.05 or lower.   
Backwards Model Selection Process 
The covariates of each submodel were removed using a backwards model 
selection process. If any of the covariates were found to be non-significant, they were 
removed from each submodel one covariate at a time. The significant covariates were 
retained in the model while the model was run again. A backwards selection process 
leads to the best estimate of the abundance over the time series. The model building 
process resulting in all covariates included for each sub-model and the appropriate p-
values are in Appendixes A1-A30. In each of these tables, the backwards model building 
process can be seen. Each model may have required a total of one to five model runs to 
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remove all non-significant covariates before the final model was accepted for that 
species/species group. If the covariate was removed in either submodel, it was annotated 
in the model run tables as “dropped”. After the final model was accepted for each 
species/species group, it was graphically displayed along with the relative abundance 
versus the shrimp effort, and the scaled Lo Index with 95% confidence limits, for each 
year throughout the twenty-three time period (figures 2-31). 
Incorporating Shrimp Effort into the Delta-lognormal Modeling Process  
After the delta-lognormal model was finalized for each species, they were 
compared with fishing effort by the shrimp industry over the time series to determine if 
any patterns or correlations existed involving the species over the period of drastic 
decline in fishing effort. Effort was obtained from records maintained by the NMFS 
laboratory in Galveston, Texas, and is defined as catch per unit effort (CPUE) in number 
of days fished. Each of the thirty species/species groups in this study for analysis occurs 
within the same habitat as targeted species of shrimp in the Gulf of Mexico, and is 
consequently harvested as either a target or bycatch species (Hildebrand 1954, 1955). 
Because the bycatch species are harvested in such large quantities in the shrimp fishery, it 
is appropriate to look at the changes in fishing effort over time versus each species for the 
twenty three year time period (Figures 2-31). Shrimp effort was added to each finalized 
delta-lognormal for each species by conducting a type III statistical test. Shrimp effort 
was added to the finalized model so that the effect of shrimp effort on each species could 
be tested independently of the other covariates. Graphical display of shrimp effort for 
each species is presented in Appendixes B1-B30. 
Time Period Comparison  
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Data for each species or species group was then partitioned into two major time 
periods: before the reduction in shrimp fishery effort (1999-2002) and analysis from the 
beginning of the decline of shrimp fishery effort until more recent years (2006-2009).  
The two time periods occurred immediately before and immediately after a rapid 
decline in effort for the shrimping industry, marked by the years 2002 and 2005. In 2002, 
effort in the industry began a rapid decline, and continued for a few years until 2006, 
when it seemed to stabilize again. Since there were four years available for analysis after 
this period of decline (2006-2009), a four year time period before the decline (1999-
2002) was selected in order to make the temporal comparison equitable.  
The scaled Lo Index value was obtained for each species/species group for each 
survey year. Effort was also scaled to a value of 1 so the Lo Index values could be 
compared for each species. The scaled Lo index value for each species and the 
corresponding shrimping effort for the years of the two time periods of interest were 
graphed using a scatter plot. The scaled Lo index was calculated from the final delta-
lognormal model for each species. Appendixes C1-C30 contain detailed per survey year 
data points for each species delta-lognormal index, scaled delta-lognormal index, 
coefficient of variation, lower and upper confidence limits. 
Linear Regression and Correlation of Trends in Time Period Comparisons 
After the data was plotted, a piecewise linear regression equation was used to fit 
the relative shrimp effort to the index. An equation was fit to each piecewise linear 
regression for each time period, and a corresponding r-squared value was calculated 
(Table 33). By comparing the linear trends and the correlations between the two time 
periods, it can be determined whether there is an effect between shrimping effort and the 
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index of abundance for the thirty species/species groups of interest in the northern Gulf of 
Mexico (Appendixes D1-D30). 
Principal Components Analysis 
In order to discern correlations among the 30 species/species groups, a meta-
analysis was performed using Principal Component Analysis (PCA)(Abdi and Williams, 
2010). All 30 species used previously in the delta-lognormal modeling (DLM) process 
were placed into a large correlation matrix. The previously discussed covariates used in 
the DLM were combined with three additional components.  
A principal components analysis takes all of most important information in the 
correlation matrix and transforms them into a new set of orthogonal variables called 
principal components (Abdi and Williams, 2010). The newly formed principal 
components represent the direction in which the data is maximal (Ringnér, 2008). 
Numbers called eigenvalues are used to determine how many components are most useful 
for describing the data from the output of the model. In this PCA, only the first three 
eigenvalues representing three components in the matrix were the most useful. 
Eigenvectors are used to explain variability within each principal component. 
Once the Eigenvalues and Eigenvectors were calculated for the PCA, three main figures 
were used to visually assess the data and the principal driving factors behind the model. 
First, a eigenvector bar graph was used to access all three of the components and discern 
any patterns in the data (figure 2). 
PCA: Variables 
The following fourteen variables were used in the PCA: ordinal value of 
abundance (Abundance_Rank)(i.e. the species with the highest abundance was given the 
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value of 30 and the lowest 1), ordinal value of significance of the variables used in the 
building of both the binomial sub-model and the lognormal sub-model of the delta-
lognormal model (i.e. season, time of day, shrimp statistical zone, depth zone, sediment 
type,  and shrimping effort) (i.e. if the type-3 p-value for the variable is > 0.05, then the 
value is 1; if 0.05 ≥ p-value ≥ 0.0001 then the value is 2; and p-value < 0.0001 then the 
value is 3), and percent difference in both the index value and CV (coefficient of 
variation) between the early time period and the later time period (Per_Diff_Index, 
Per_Diff_CV).  Relationships between species and these variables were assumed to be 
linear. 
The percent difference equals the index value of late period minus the value of 
early period. This results in positive values for the percent difference in the index value 
when there is an increase in the index value from the early period to the late period; and it 
results in negative values of the percent difference in the CV value when there is a 
decrease in variability (i.e. increase in precision) between the early period and the late 
period. The shrimp statistical zone variable in the binomial model was highly significant 
for all species/species groups (i.e. the ordinal value = 3 for all), and was not included in 
the PCA, since it would provide no information to discriminate between species/species 
groups. 
Results 
PCA:Eigenvalues 
The first three eigenvalues derived from the correlation matrix of the PCA and the 
proportion and cumulative proportion of the variability described by those eigenvalues 
account for approximately 56% of the variability in the data (Table 4). 
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Table 2  
Eigenvalues for the Principal Component Analysis  
 
 Eigenvalue Proportion Cumulative 
Component 1 3.76383762 0.2688 0.2688 
Component 2 2.72028238 0.1943 0.4632 
Component 3 1.55194111 0.1109 0.5740 
 
PCA: Eigenvectors 
The Eigenvectors represent the correlations of each variable within each principal 
component. As the absolute value increases, it becomes more important for explaining 
variability within the respective principal component.   
Table 3 
Eigenvectors of the PCA 
 
 Component 1 Component 2 Component 3 
Abundance_Rank 0.338649 0.29332 -0.265383 
B_Season 0.218599 -0.027088 -0.231738 
B_TOD 0.122063 0.388212 -0.347316 
B_DZ 0.322964 -0.353694 -0.184173 
B_SedType 0.229762 0.024735 0.544842 
B_ShrimpEffort 0.319938 0.002232 0.010927 
L_Season 0.2049 0.278202 0.330218 
L_TOD 0.345816 0.169899 -0.264003 
L_DZ 0.042239 0.065574 0.200241 
L_SSZ 0.363098 -0.069525 -0.085331 
L_SedType 0.262139 -0.085063 0.379726 
L_ShrimpEffort 0.356015 0.199717 0.220894 
Per_Diff_Index -0.121764 0.496773 0.053057 
 
PCA: Eigenvector Bar Graph 
The bar graph represents the eigenvectors that were used to create each 
component in the analysis. Since the eigenvectors are correlations, the further away from 
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zero the value is, the more influential that variable is to the makeup of the component, in 
other words, it is the driving force behind the component.  
The most important variables within Component 1 are lognormal shrimp statistical zone, 
lognormal time of day, and lognormal shrimp effort. The variables that are most 
influential in component 2 are the percent in the difference of the index values 
(Per_Diff_Index), binomial time of day (B_TOD), and lognormal season (L_Season). For 
Component 3, binomial sediment type (B_SedType), lognormal sediment type 
(L_SedType), and lognormal season (L_Season) are the most important variables. 
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Figure 2. Component Pattern Profile to discern patterns in each of the three components used in the Principal Component Analysis. 
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PCA: Component Analysis 
To discern differences/patterns between species, the component scores for all 
species groups were plotted using the first three principal components described above. 
Since components 1 and 2 explain the greatest variability in the data of the PCA, we will 
focus on the patterns in the data explained by component 1 (26.88%) and component 2 
(19.43%).  
 
 
 
Figure 3. Component Scores of each species within the PCA. This graph shows those 
species/species groups that group together and can be characterized as having similar 
patterns in the PCA. 
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PCA: Eigenvector Diagrams 
 After assessing the patterns in each of the three components, it was advantageous 
to look at each of the components’ pattern using a graph displaying the vectors for each 
of the variables used in the PCA analysis. The following vector diagram was used to 
understand the patterns in the data for components 1 and 2 (figure 3).  
 
 
 
Figure 4. Vector diagram displaying the component pattern between component 1 and 
component 2 of the PCA analysis. 
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Visual interpretation of the vectors relies on two factors, direction and length. The 
variable increases in the direction of the vector. For example, as the abundance and rank 
increase in the model, so does the vector in quadrant I. The lengths of vectors represent a 
more influential variable in the component. The longer the vector, the more influential it 
is to the component. For example, the lognormal shrimp statistical zone variable (L_SSZ) 
and lognormal depth zone (L_DZ) are represented by relatively short vectors, signifying 
that they are less influential. Conversely, the binomial depth zone (B_DZ) and percent 
difference in the CV values (Per_Diff_CV) vectors are relatively long and are much more 
influential variables in the components. Vectors that point in the same direction and are 
seen grouped together have similar patterns in the response of the variables in the PCA. 
PCA: Summary 
From all of the PCA data and graphical interpretations, generalizations can be 
made about each of the thirty species/species groups used in the analysis. Delta-
lognormal modeling was used to determine patterns in the variables used for analysis of 
each individual species or species group. While this information is an extremely valuable 
tool, it only looks at one species at a time. One of the advantages of a principal 
components analysis is that it allows for the species that exhibit the same responses to 
each variable to be grouped together. The PCA analysis allows for a way to look at linear 
combinations of all of the original variables at once (Ringnér, 2008). Each quadrant 
presented in this table has a set of characteristics. These characteristics reflect the manner 
in which each variable used in the PCA influenced the abundance of the species over the 
time periods analyzed. This shows how the species abundance changed during the early 
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and late time periods as shrimp effort continued to decrease in the northern Gulf of 
Mexico.  
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Table 4  
Results of the PCA.  
Quadrant II           Quadrant I 
Medium to high level of significance with 
sediment type variable. 
Medium to high level of significance with sediment 
type variable. 
Relatively low abundance. 
Medium to high level 
abundance.   
High significance with shrimping effort variable. 
Positive percent difference in the index values 
from early to late time periods (361.03to 68.72; 
abundance increased). 
Positive difference in index values from early to late 
time periods (432.57 to 8.09; abundance increased). 
CV values are negative (-67.89 to -20.1; 
increase in precision). 
CV values are negative (-7.99 to -17.7; increase in 
precision). 
  
*S. cavalla, A. felis, Carcharhinus spp. 
  
  
*C. arenarius, S. foetens, C. similis, T. lathami, T. 
lepturus, F. aztecus, L. setiferus, L. xanthurus, M. 
undulatus, C. nothus, S. caprinus, P. burti 
    0 
Quadrant III       0     Quadrant IV 
Insignificance with shrimp effort. High significance with sediment type variable. 
Low to mid-level abundance Medium to high abundance. 
High significance with shrimping effort variable. 
Smaller positive percent difference in the index 
values from early to late time periods (68.7 to -
64.63; abundance for most species increased 
slightly).  
Positive differences in index values from early to late 
time periods until they become negative (22.49 to -
59.88; abundance increased until it became negative). 
Negative CV values increase until they become 
positive (-22.11 to 3.68; increase in precision 
until they become positive). 
CV values decrease from early to late time periods 
until they become negative (-10.36 to 20.09; increase 
in precision until they become negative). 
*R. aurorubens, Grouper spp, P. aquilonaris, L. 
synagris, R. terranovae, Mustelus, B. patronus, 
P. lethostigma. 
 
*M. americanus, C. chrysurus, L. rhomboides, B. 
capriscus, F. duorarum, C. philadelphicus, L. 
campechanus 
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PCA: Quadrant Summary 
Quadrant I species were characterized with positive differences in the index 
values from the early (1999-2002) to late (2006-2009) time periods, while the CV values 
decreased from early to late time periods. The percent difference in the index values for 
this quadrant ranged from 432.57 to 8.09. The range of CV values was from -7.99 to -
17.7, indicating an increase in precision of the data.  
  Quadrant I species were highly correlated with the amount of effort in the shrimp 
industry and sediment type showed a high level of significance in the occurrence and 
abundance of the species. This means that as time passed, and shrimp effort declined, the 
species in quadrant I maintained an increase in abundance, which can be noted with the 
positive differences in the index values between the time periods. A consistent decrease 
in the coefficient of variation for the species in this quadrant shows an increase in 
precision of the data gathered for the model. 
Quadrant II species were characterized with positive percent difference in the 
index values from the early (1999-2002) to late (2006-2009) time periods. The positive 
percent difference in the index values ranged from 361.03 to 68.72, meaning that the 
abundance increased. There was an increase in the precision of the data as the CV values 
decreased from -67.89 to -20.10. There is a medium to high level of significance with the 
sediment type variable, while the species in quadrant II have a relatively low abundance. 
 The most obvious species group to stick out in quadrant II is Carcharhinus spp. 
Four of the six most influential variables to components 1 and 2 are insignificant in the 
Carcharhinus species group (L_SSZ, L_ShrimpEffort, L_TOD, and L_Season). The 
Carcharhinus species group also have a very large percent positive difference in the 
30 
 
 
difference in time periods (361.03%), indicating a tredmendous percent increase in 
abundance. They have a large negative difference in CV values (-67.89%), indicating a 
huge increase in precision of the data.  
Quadrant III species exhibited a smaller positive percent difference in the index 
values from the early (1999-2002) to late (2006-2009) time periods, from 68.7 to -64.63, 
meaning that the abundance for most of the species increased slightly. The negative CV 
values increase until they become positive (-22.11 to 3.68), increasing the precision of the 
data until they became positive. The species in quadrant II had a low to medium level of 
abundance, and some species even showed a decrease in the amount of individuals caught 
(if the index value is negative between periods, there was a decrease in the number of 
individuals caught from the early to late time periods). The species in the quadrant 
display an insignificance with shrimp effort.  
Quadrant IV had positive differences in the index values from the early (1999-
2002) to late (2006-2009) time periods until they become negative, from 22.49 to -59.88, 
meaning that there was an increase in the abundance from the early to late time periods as 
the shrimp effort decreased until the values become positive. The CV values decrease 
from the early to late time periods until they become negative, from -10.36 to 20.09. 
These species have a medium to high abundance. Sediment type has a high significance 
to the variability of species in this quadrant as well as shrimping effort. 
It is important to note that the statements concerning each quadrant and the 
species found within are very general. The location of where each species is located in 
the PCA determines the importance of each variable to the variability in the model. For 
example, the further away from a particular vector the species is located, the smaller 
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amount of variability the variable will explain. The vector is positive in the direction in 
which it is oriented, and negative in the opposite direction. The combination of direction 
of all of the vectors and corresponding correlation values is what determines the place of 
the species on the component score graph. The overall goal of the PCA was to determine 
what affects each species the most within the model.  
Summary 
The orientation of individuals in the principal components analysis and 
significance of the covariates in the delta-lognormal modeling process were examined per 
quadrant to formulate some patterns in the data that could explain some concepts of the 
population dynamics of the species studied. If shrimp effort is significant in the binomial 
submodel, it means that shrimping has a significant effect on whether the species is 
present. If shrimp effort is significant in the lognormal submodel, it means that when 
shrimp effort is present, it affects the abundance of the species when it is caught. 
For quadrant 1, shrimp effort had a significant effect on the abundance of species 
present (lognormal submodel), and also had a high positive percent difference in the 
indices from early to late time periods. The percent difference in the CV values from 
early to late time periods were all negative, indicating an increase in the precision of the 
data. It seems that as effort decreased, the abundance of the species increased as shown in 
the data from the percent difference in the indices from 1999-2002 and 2006-2009. These 
species may not be recruitment limited and are most likely reproductively successful. An 
increase in abundance as the effort decreases could also indicate a decrease in fishing 
mortality of the species in this quadrant. 
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 Conversely, the abundance (lognormal submodel) of quadrant 2 species was not 
significantly affected by shrimp effort, nor was the occurrence of the species (binomial 
submodel). Abundance of these species did increase over time with a large positive 
difference in the percent difference of the indices from early to late time periods (68.72-
361.03%). Again, there was a negative percent difference in the CV values from early to 
late time periods, indicating an increase in precision of the data. If these species continue 
to increase in abundance with a decrease in shrimp effort, then there may be reduced 
competition for resources and higher levels of desired prey available. Recruitment is most 
likely not limited for these species since shrimp effort seems to have no significant effect 
on either the occurrence or abundance of this species over the time series. 
 The species in quadrant 3 exhibit opposing trends of linkages between the 
covariates of the modeling process and the analyses of the PCA. While none of these 
species’ abundance were significantly affected by shrimp effort, some of the species have 
a decrease in abundance from early to late time periods, while the others have an increase 
in abundance. If species such as R. aurorubens and P. aquilonaris are still decreasing in 
abundance with a decrease in shrimp effort, even though shrimp effort did not play a 
significant controlling factor in the abundance of the species, then there is probably a 
higher effect of density dependence controlling these species. 
 The species in quadrant 4 have many varied responses to shrimp effort and 
covariates of the model. Shrimp effort had a significant effect on the abundance of both 
L. rhomboides and B. capriscus, yet, they still had a decrease in the percent difference in 
indices when shrimp effort was reduced (-2.99 and -59.88, respectively). If shrimping had 
an effect on these species, but they are still decreasing with a decrease in effort, then they 
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may have a lower natural mortality than previously thought or may have other density 
dependent factors at work such as habitat limitation or increased competition for the same 
food resources. Other bycatch species, such as L. campechanus, have a positive percent 
difference in indices as the effort declined, meaning that shrimping most likely did have a 
negative influence on the species in some manner. The species could have a lower rate of 
fishing mortality. As mentioned previously, some species such as C. chrysurus that were 
not significantly affected by shrimping, but still had a decline in abundance over time 
may be controlled as a population by other factors such as predation, competition, or 
habitat limitation. M. americanus and C. philadelphicus had an increase in abundance but 
were not affected by shrimping. They most likely have an increase in prey availability or 
may have a decrease in predator influences. 
Discussion 
Controversial Fisheries Management 
Many species that are fished on the recreational level are also encountered in the 
shrimp fishery as bycatch. It has been said that “if discarded dead bycatch comprises 
animals below their optimum size for maximum yields and prior to full maturity, the 
effect will be to reduce yield per recruit from the population and its average spawning 
potential. Discards result in forgone yields and spawning potential because most of the 
discard mortalities are of immature fish” (Crowder and Murawski, 1998). 
We will consider one of the major controversial fish as an example, Lutjanus 
campechanus, or the red snapper. There are two fisheries for red snapper in the Gulf of 
Mexico, one is directed and the other is undirected. The directed fishery consists of 
commercial and recreational fishing, while the undirected fishery consists of the 
incidental bycatch encountered from the shrimp trawl fishery (Schirripa, 1999). 
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Directed versus Undirected fishery: Red snapper 
In the 1980s and 1990s, research was conducted that indicated that bycatch in the 
Gulf of Mexico and South Atlantic shrimp fisheries was a significant source of fishing 
mortality for many species, including some of the more recreationally desirable species 
such as red snapper, Spanish mackerel, and weakfish. In the late 1990s, it was one of the 
goals of the Gulf of Mexico management councils to restore the stock of red snapper to a 
sustainable harvest level by 2019. Reduction of the directed fishery harvest levels as well 
as a 44% reduction in fishing mortality from shrimp trawls was set as necessary action to 
complete this goal (Watson et al., 1999).  Bycatch reduction devices were introduced into 
the fishery and were mandatory by May of 1998 (Gallaway and Cole 1999; Gazey et al, 
2008).  
The commercial/recreational allocation is set at 51 to 49%, respectively. In 
February 1998, a total allowable catch (TAC) was set for red snapper at 9.12 million 
pounds, and NMFS provisionally released 6 million pounds until an observer monitoring 
program in the summer of 1998 concluded that BRD would, in fact, be successful in 
reducing the fishing mortality in shrimp trawls by more than 50%. After the successful 
reduction in red snapper juveniles was determined in the summer of 1998, the additional 
3.12 million pounds was released on September 1st of that same year (SEDAR 31, 2013). 
However, by 2005, the SEDAR7 (Southeast Data Assessment and Review) stock 
assessment (2005) stated that the red snapper stock remained overfished because BRDs 
had not actually achieved the target fishing mortality reduction. The TAC from 1998-
2003 was set at a level that assumed that the bycatch mortality was being met (SEDAR 7, 
2005). The commercial sector was placed under a commercial fishing quota program in 
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2007 and has maintained their landings quota (SEDAR 31, 2013). By 2008, the reduction 
in shrimp effort was greater than what was called for in the red snapper rebuilding plan. 
Therefore, additional reductions in shrimp effort were no longer necessary to rebuild the 
red snapper stock (SEDAR 31, 2013), but it is still set for 2032. 
Red snapper enter the gulf shrimp fishery (undirected catch) at 50mm TL(total 
length) as age 0 and continue to be exploited until age 2. They do not enter the directed 
commercial/recreational fishery until approximately age 2 (Szedlmayer and Ship, 1994; 
Render, 1995; Wilson and Neiland, 2011). 
SEDAR 7 (2005) average total mortality was estimated at 1.5 from 2001-2003 for 
age 0 fish, and 1.2 for age 1 fish. Gazey et al. 2008 conducted a length based, age 
structured analysis using observer data collected on shrimp vessels and suggested total 
mortality (Z) for age 0 red snapper to be 2.2 instead of the 1.5 used in SEDAR7 (2005). 
Szedlmayer in 2007 suggested a total mortality (Z) figure to be as high as 2.6. Gazey et 
al. (2008) estimate natural mortality for age 0 fish at 1.7 and for age 1 fish at 1.3. 
Gallaway et al 2008 suggest a natural mortality M of age 0 fish is 2.0, based on size and 
abundance data from observers on shrimp vessels (Gallaway et al., 2008 and Szedlmayer 
2007) where data was collected in an area unaffected by trawling. They suggest age 1 
natural mortality be set to 1.2, whereas SEDAR 7 (2005) uses a natural mortality rate of 
1.0. Goodyear (1995) suggested if the instantaneous natural mortality of red snapper is 
set at a rate of 0.10, age 14 is the age at which they will reach maximum reproduction 
potential. 
 It is assumed that the natural mortality is M = 0.10 for all snapper from age 2-53  
in SEDAR7 (2005), but Gallaway et al. (2008) and Gazey et al. (2009) suggest that 
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natural mortality for red snapper from ages 2-7 should be higher than for older fish based 
on habitat and growth patterns. Since red snapper display high site fidelity, especially to 
hard reef structures over one meter, habitat limitation is suggested to be a dominant factor 
in the population dynamics of age 2-7 red snapper. Red snapper recruitment to structure 
over 1 meter is thought to be crucial since reef prey types have been shown to dominate 
red snapper gut contents. After the first 8-10 years of life, the growth of red snapper 
slows, and ontological shifts have been documented to reefs with greater complexity 
(Fischer et al 2004, Gallaway et al., 2009). Fish that are over 8 years old are thought to be 
less vulnerable to predation, and they will shift to grazing over more open habitat since 
they are no longer as vulnerable to predators. They can then move off of the reefs (which 
allows domination by ages 2-7 red snapper)(Gallaway et al., 2009). 
The incidental take from the undirected fishery is not counted towards the total 
allowable catch (TAC), but is accounted for by the total fishing mortality in the stock 
assessment for red snapper. The maximum sustainable yield (MSY) is calculated by 
combining the bycatch mortality and the age at which the fish are susceptible to the 
directed commercial and recreational fisheries.  This paper suggests that until bycatch 
mortality can be reduced as much as 90% or 100%, the goal of maintaining a 20% SPR 
(spawning potential ratio) cannot be achieved. If the fishery is managed for MSY, the 
greatest SPR will only be as much as 10% (Schirripa, 1999). 
If the undirected fishery cannot be managed more effectively, the directed fishery 
should be better managed. Recreational fishing has increased 20% in the twenty years 
preceeding 2004 (Sutinen and Johnston, 2003). Current management of recreational 
fisheries focuses on limits of individual fishermen, but does not limit the number of 
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fishermen able to harvest. Discards are not included in the way that recreational fisheries 
are managed, and high grading is not a factor that is not easily traceable. High grading 
occurs when recreational fishers discard smaller less valuable fish for a larger catch. 
Recreational fishing is limited to size and bag limits but does not limit the number of 
anglers allowed to fish (Watson et al, 1999).  
Previous suggestions for management of red snapper 
Shrimp non trawl areas and additional time closures may be necessary for a 
further reduction in juvenile red snapper (Gallaway et al 1999; Diamond, 2004). Alter 
fishers season and area closures to reduce bycatch since they have no control over the 
non-selectivity of their nets (Hendrickson and Griffin, 1993). However, the general 
bioeconomic fishery simulation model (GBFSM) that they used in their analysis 
concluded that bycatch was not necessarily reduced with season and area closures and the 
negative impact to the shrimp fishery economically was overwhelming if these types of 
closures were simulated over a long period of time (Hendrickson and Griffin, 1993). 
Need to model post-recruitment density dependent mortality (Cordue, 2005; 
Gallaway et al, 2008) as it is most important to the stock assessment. Density dependent 
natural mortality is believed to be a major controlling factor of red snapper population 
dynamics (assessment and data workshops (Gallaway et al., 2009) 
Effects on population dynamics in the Northern Gulf of Mexico 
Some common concepts of population dynamics in fisheries are birth rates, 
recruitment, growth rate, and mortality. Recruitment and reproductive success of a 
species are critical factors that determine a species abundance. It is very difficult to find a 
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balance between optimum yield of species, such as the long standing debate over the 
harvest of red snapper versus shrimp (Murray et al., 1992). 
Shrimp fishing in the northern Gulf of Mexico has affected the ecosystem in 
many ways for a long time before the study period. The effects of fishing are expected to 
be both direct and indirect, some effects are known and many more effects are 
completely unknown (Jennings and Kaiser, 1998). Shrimp fishing occurs over soft 
bottom sediments as well as over low relief shell rubble, which harbor many species that 
are unintentionally harvested by the fishery as bycatch (Wells et al, 2008). After a 
downturn in the economy, the low or negative profitability of the shrimp fishery 
indirectly created an opportunity to examine the effects of dramatically reduced fishing 
on an ecosystem which had previously experienced high, consistent levels of harvesting. 
Most of the seven variables used to examine abundance patterns were highly significantly 
correlated and explained a major portion of the variability of the data.  
A primary goal of this study was to determine if, in fact, shrimp harvest had any 
effects on the selected fauna in the northern Gulf of Mexico over the twenty three year 
time period. Indeed, shrimp effort was significantly related to data shows that shrimp 
effort was significant twenty two of the thirty selected species, comprising 73.34 percent 
of the catch over the twenty three year time period. Shrimp effort was non-significant for 
only eight of the species, Ariopsis felis (2.19%), Pristipoimoides aquilonaris (1.24%), 
Charcharhinus spp. (0.26%), Menticirrhus americanus (0.28%), Paralichthys 
lethostigma (0.14%), Rhomboplites aurorubens (0.09%), Scomberomorus cavalla 
(0.06%), and Grouper (0.02%). These eight species that were unrelated to shrimp fishing 
comprised only 4.28 of the 73.34 percent of the catch over the twenty three year time 
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period; only two of those species represented over one percent of the catch. Two of the 
eight species unrelated to shrimping effort decreased in the percent difference of index 
values between the selected time periods. Thus, as shrimping decreased, so did the CPUE 
of these two species, Rhomboplites aurorubens and Pristipoimoides aquilonaris. The 
remaining six species increased in abundance as the shrimp fishery effort continued to 
decline.  
There will always be uncertainty in determining the effects of harvest on open 
marine systems because there are too many variables to consider. Fishing potentially 
reduces the abundance of target stocks directly; however, the data from this study has 
shown that this probably applied to many non-target bycatch as well (Ludwig et al., 1993 
and Botsford et al., 1997). 
We know that existing levels of mortality from shrimp bycatch in the gulf of 
mexico and an unquantified level in the south atlantic will reduce many fishes spawning 
stock potential (Southeast Fisheries Science Center, 1991). Therefore, it is important to 
find a balance between optimum yield of species (shrimp versus red snapper, for 
example) (Murray et al., 1992). By introducing bycatch mortality to such a large suite of 
species, shrimping could increase the population of other fishes or scavengers such as 
blue crabs. Pelagic fish populations (bluefish, king and Spanish mackerel) could be 
higher because adults have less competition for food so density dependent compensation 
is less (Gunter, 1956). Or conversely, are they lower in abundance when species in the 
system are reduced? 
Because many of the species within this analysis are highly migratory, coastwide 
stock assessments are necessary. Different strategies to limit shrimp harvest could be 
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beneficial to the overall health of the bycatch species. Shrimp season opening is already 
delayed until the shrimp have reached a more desireable size, but this also allows many 
of the other bycatch species that would have been captured as juveniles time to reach 
adulthood and increase their spawning potential (Murray et al., 1992). A large majority of 
the bycatch species in this analysis were highly signicant (<0.001) in both the binomial 
and lognormal sub-models for time of day. If time of day was significant in both the 
occurrence and abundance of species caught, then it may be beneficial to further analyze 
what times of day these species are being harvested. For example, if a majority of 
bycatch species are being harvest at night, it may be beneficial to further limit shrimp 
harvest to daytime only. In this example more species may be active at certain times of 
the day for feeding making them more susceptible to the trawl gear. This may apply 
especially to some of the highly predatory fishes such as snappers, groupers, mackerels, 
and sharks.  
In the mid 1990s, modeling approaches Ecopath and Ecosim emerged into the 
scientific community. “The Ecopath with Ecosim (EwE) modeling approach combines 
software for ecosystem trophic mass balance analysis (Ecopath), with a dynamic 
modeling capability (Ecosim) for exploring past and future impacts of fishing and 
environmental disturbances as well as for exploring optimal fishing policies” 
(Christensen and Walters, 2004). In addition, “Ecosim models can be replicated over a 
spatial map grid (Ecospace) to allow exploration of policies such as marine protected 
areas, while accounting for spatial dispersal/advection effects”(Christensen and Walters, 
2004).  
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It is important to remember that Ecosim models cannot be classified as right or 
wrong, however, some controversial predictions were made surrounding assumptions 
from the shrimp fishery and its effect on bycatch populations. Ecosim with Ecopath 
models were used to “shut down” the Gulf of Mexico shrimp fishery, which would 
essentially eliminate the bycatch effects (Walters et al, 2008). While the data they used to 
create the models were partially obtained from SEDAR and FWRI stock assessments and 
FIM and SEAMAP summaries of mean catch rates, gaps in the data were addressed by 
back calculations of stock size and fishing mortality from 1950-2004, using stock 
reduction analysis (Walters and Korman, 2006;Walters et al., 2008). Using estimation for 
the model could have led to inaccurate predictions in abundance changes over time. .  
In the EwE models, simulations were run for shrimp trawling to stop from 1990-
2004. EwE produced models where juvenile rates of several species (red drum, red 
snapper, groupers) decline, rather than increase as expected, and productivity of the 
menhaden fishery declines. Ecosim also indicates that shrimp trawling has had a very 
large positive impact on abundances of benthic predatory fishes such as the catfishes, 
which, if increased several times in abundance would cause high mortality for many 
juvenile fish.  
Also, predictions were made that a ban of shrimp fishing from 1990 forward 
would increase the abundance of species such as red snapper but only a few of the 
combinations of simulations indicated a substantial increase. Most model runs indicated 
limited or no snapper recovery. By refitting the model with different vulnerability 
parameters to include in the nonlinear estimation procedure, the EwE models were able to 
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obtain good fits to the red snapper data to predict that the species should recover 
“strongly” if the shrimp fishery were reduced (Walters et al., 2008). 
Data from this study showed that red snapper had an average 15.78% increase in 
the indices from early to late time periods, even though Walters et al. (2008) predicted 
that snapper would have little to no recovery if shrimp fishing were suspended. The 
catfish, Arius felis, also had a 68.72% increase in indices from early to late time periods, 
while EwE models predicted that catfishes would be controlled by the shrimp fishery. 
Grouper also had a positive increase in indices (18.84%), even though EwE models 
predicted a decrease in abundance over time as shrimp effort was removed from the 
model.  
It is important to understand how harvest affects the stability of the food web 
withinof the ecosystem. For example, it is important to understand how the abundance of 
harvested prey species can affect the populations and harvest of higher top predators. 
Many of the bycatch species encountered within the shrimp fishery are potential food 
sources for many of the valued top food fishes that are consumed such as snappers, 
groupers, king mackerel, swordfish, and tunas. Many of these important food fishes have 
the same prey preferences, and may be related to local prey abundance (Brown et al., 
1990). In 1990, it was estimated that the prey biomass available to top predators for the 
Gulf of Mexico was 8.4 mmt (million metric tons), and fishery harvests were 1.3 mmt. 
The biomass of prey consumed consumption needed by predators to sustain predators 
biomass was estimated to be 6.6 mmt, leaving a mere 0.5mmt of the original 8.4 mmt of 
prey available in the system (Brown et al., 1990).  
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The nature of alterations that may have occurred within the food web dynamics as 
a result of harvest of bycatch species presented within this study may never be fully 
understood. The influence by shrimping harvest that happened over such a short period of 
time, has undoubtedly had an impact on the distribution of resources within this marine 
ecosystem. Possible effects to the food web may involve trophic cascades, changes in 
competitive relationships, and overexploitation or underutilization of the available 
resources (Crowder and Murawski, 1998).  
Trophic cascades occur when a reduction in the abundance, biomass, or 
productivity of a higher trophic level creates alternating levels of increase and decrease in 
the lower trophic levels. Since trawl fishing is size selective, it already serves as an 
experiment in the manipulation of food levels (Ward and Myers, 2005; Pace et al, 1999). 
Open ocean and highly diverse ecosystems are less likely to show trophic cascades, but 
they have previously been shown for pink salmon in the North Pacific, as well as for a 
whale- otter-urchin cascade, and even for cod in the Atlantic (Ward and Myers, 2005; 
Pace et al., 1999; Frank et al., 2005; Estes et al., 1998). As the species that occurs as 
bycatch in the shrimp fishery increase or decrease in abundance, competitive 
relationships between the species will also change (interspecific and intraspecific). 
Clearly, a lifetime of research can be conducted to explain in more detail the 
effects that shrimping may have had on many of the fauna mentioned within this study as 
well as many more that were not mentioned. Certainly, reduction in shrimp fishing has 
reduced the fishing mortality on those target and bycatch species during the latter years of 
this study, but how did fishing affect the food web before the reduction in effort (Brown 
et al., 1990)? Discards in many fisheries are underreported and can lead to 
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underestimations in the amount of fishing mortality that a species may incur. Grossly 
underestimated mortality of heavily exploited stocks such as shrimp along with its 
associated bycatch species may mask overexploitation of these resources (Goñi, 1998; 
Alverson et al., 1994). Because the bycatch species are of little or no direct economic 
value, they have typically been understudied.  
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CHAPTER III 
AGE AND GROWTH OF THREE SCIAENIDS COMMON TO   
SHRIMP BYCATCH, 2009 
Introduction 
Three of the thirty species/species groups chosen for this study were also 
examined for possible changes in annual age and growth parameters, including the 
sciaenids, Cynoscion arenarius (sand seatrout), Cynoscion nothus (silver seatrout) and 
Micropogonias undulatus (Atlantic croaker). These three species are among the top ten 
most abundant bycatch species by weight within the shrimp fishery throughout the time 
series, and were also used in the modeling study (SEFSC NMFS, unpublished data) 
(Table 1). All three species have shown increases in their indices of abundance since 
2002, although increases for silver and sand seatrout were fairly gradual (Figures 22, 10, 
and 11).The abundances of these three species within shrimp bycatch make them perfect 
candidates for an analysis of any shifts in age and growth that may have occurred. Thus, 
this chapter tests whether the effects of shrimp harvesting in the northern Gulf of Mexico 
may have caused shifts in the age and growth parameters of these sciaenid species over 
the twenty three year time period.  
Methods 
Specimen Collection 
All specimens collected for the age and growth portion of this study (Cynoscion 
arenarius, Cynoscion nothus, and Micropogonias undulatus) were collected from both 
summer and fall SEAMAP groundfish surveys conducted aboard the R/V Oregon II by 
the Southeast Fisheries Science Center (SEFSC) National Marine Fisheries Service 
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(NMFS) laboratory in Pascagoula, Mississippi in 2009. This year was chosen because the 
species were already collected just prior to my employment with the NMFS Pascagoula 
MS laboratory. A total of 1,518 specimens were collected for analysis from June-
November of 2009, including 524 Cynoscion arenarius, 306 Cynoscion nothus, and 687 
Micropogonias undulatus. These specimens were collected in accordance with the 
standard survey specifications set forth for SEAMAP groundfish survey protocols 
(Nichols, 2004). Individuals were randomly selected from each survey during catch work 
up for each station. Specimens were bagged together with the appropriate station 
information and kept frozen until brought back to the Pascagoula laboratory.  
Laboratory Procedures: Specimen Dissection 
Each bag of specimens was thawed before dissections at the NMFS laboratory in 
Pascagoula, MS. Bags of fish were labeled with cruise, station, and collection date 
information. Each of the 1,518 fish was double checked for correct identification before 
dissection, and assigned a specimen identification number associated with a specific 
collection date, weighed (nearest gram, wet weight), measured (millimeters;TL, total 
length), and sexed. A visual assessment of maturity was also assigned to each individual.  
Otolith removal 
After morphometrics were recorded, the sagittal otoliths of individuals were 
removed. Sagittal otoliths are located along the ventral surface of the posterior region of 
the skull of the fish, inside the otic capsule. After removal, each pair of otoliths was 
washed with tap water to remove any remaining tissue or fluid . Both the left and right 
otoliths were air dried before being stored together in labeled coin envelopes until ready 
for further processing. For consistency, the right otolith was used for age and growth 
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analysis unless it was severely damaged, in which case, the left otolith was used. 
Consistent use of the right otolith eliminates any inconsistencies associated with possible 
asymmetry between otoliths. 
Otolith Processing 
Three techniques are commonly used to section otoliths: 1) embedding whole 
otoliths in an epoxy resin; 2) mounting whole otoliths to a slide; and 3) free hand cutting 
of otoliths followed by mounting, depending on the species and size of the otoliths 
(GSMFC, 2009). For this study, it was determined that embedding whole otoliths 
produced the best section for analysis. Otoliths were mounted using a combination of 
Epoxicure® resin and hardener compounds. Embedding the whole otolith also reduced 
the likelihood of breakage and uneven cutting that can occur during sectioning.   
Each otolith was sectioned in increments of 0.5 mm or less, depending on the 
species and size of the otolith. Multiple sections were made to ensure that a section 
containing the primordium was available for interpretation. After sectioning, each section 
was rinsed with tap water and allowed to air dry (GSMFC, 2009). Sections were placed 
on a labeled glass slide with the mounting medium Crystal Bond®, tapped into the 
medium to remove any air bubbles, and allowed to cool. After cooling, each slide was 
then sealed with Cytoseal® and allowed to air dry.   
Age Determination 
The otoliths from the three sciaenid species were used for this study are known to 
be relatively easy to interpret for individual age. Two types of light sources were used to 
view each section; transmitted and reflected light. Most sectioned otoliths were extremely 
easy to read and only required the use of transmitted light. The number of observed 
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opaque and translucent zones were recorded, as well as the condition of the edge on the 
outer annulus.  
Calculated Age and Growth Parameters 
The collection date, annuli count, edge condition, and assigned biological birth 
date based on documented spawning periods (GSMFC, 2009) helped determine the age 
of each specimen. While C. arenarius and C. nothus have been studied periodically for 
years in the northern Gulf of Mexico, no definite accepted biological birth date could be 
found in the literature. Since these two species are closely related to the more studied and 
documented relative, Cynoscion nebulosus (spotted seatrout), its accepted biological birth 
date of July 1st was used for the age and growth analysis of these Cynoscion. Atlantic 
croaker have been assigned an official birthdate of October 1st (GSMFC, 2009), which 
was also used for this analysis. 
Biological age helped determine growth for each specimen, and was calculated as 
estimated time elapsed from birth to age at capture, as inferred from the aging of each 
individual (GSMFC, 2009). Each species was analyzed to determine von Bertalanffy 
growth parameters using the PROC NLIN (nonlinear) procedure in SAS, and estimated 
VBGF parameters using all individuals (overall, including unsexed), females only, and 
males only. A VBGF curve was plotted along with specimen age-length coordinates to 
show expected results based on the calculated parameters.  
Historical Data 
Historical age and growth parameters representing the time before the shrimp 
fishery collapse (1987-2002) were obtained from Barger’s data (1985) for Atlantic 
croaker (M. undulatus) from the NMFS Panama City Laboratory. Unfortunately, 
49 
 
 
historical data was unable to be obtained for either of the Cynoscion species (C. 
arenarius and C. nothus). Attempts were made to contact many local, state and federal 
agencies to determine whether historical data existed for these species, but these attempts 
were unsuccessful. Any age and growth analysis for both Cynoscion species will be 
presented in the appendix and will be useful for any future studies where documented age 
and growth for these species in statistical zones 11 and 13 through 21 would be useful. 
For the rest of this chapter, only Micropogonias undulatus will be discussed. 
Comparative methods relied on transverse sections of sagittal otoliths (Barger, 
1980, 1985). Sagittal otoliths are usually the largest of the three otoliths found within the 
inner ear cavity, and therefore, are the most widely used in ageing studies. Sagittal 
otoliths were the best choice to use in this study for possible past and future comparisons 
with other work conducted in the Gulf of Mexico (GSMFC, 2009). 
Age and Growth of Fishes 
The von Bertalanffy growth model was used to compare age-related growth from 
before the shrimp fishery decline (1987-2002) to after the shrimp fishery decline (2006-
2009). The equation for the model is:  
 
Lt = L∞(1-e-K[t-t0]) + ε 
 
where Lt is the length at age t, L∞ is the average maximum body size, K is the intrinsic 
rate of growth, t0 is the theoretical age at which the organism has a zero length, and ε 
represents normally distributed residual error (Haddon, 2001; von Bertalanffy, 1938). 
The parameter K determines how quickly the organism attains the maximum body size. 
Differences in growth rates, or size at age, would be reflected by changes in the 
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parameters L∞, K, or both L∞ and K. A change in growth of the species over time may 
indicate a response to drastically reduced fishing pressure on selected species.  
Results 
von Bertalanfy Growth Parameters 
In all three species, the females grew slightly faster than the males, as seen in the 
values of the parameter k (Table 63-65). For Cynoscion nothus males, the model did not 
converge. Thus, the values presented in table 64 for males only are unreliable. The non-
convergence of the model was most likely due to a low number of specimens analyzed. 
Cynoscion nothus are not encountered as frequently in the survey area, so the sample size 
was considerably smaller for this species. Of all three species analyzed for growth, 
Micropogonias undulatus grew more rapidly than any of the others, with a k of 0.84.  
Micropogonias undulatus parameters for all 190 individuals (overall) were L∞= 
228.3032 and t0 = -0.51468, with a k = 0.85302. The parameters were somewhat for 
females, with L∞ = 237.7087, t0 = -0.70458, and k = 0.748631. Male growth parameters 
were L∞ = 222.1186, t0 = -0.58857, and k = 0.837422. 
Table 5  
VBGF parameters for Micropogonias undulatus (overall, females only, and males only). 
Parameter Estimate Standard Error Upper 95% 
CL 
Lower 95% 
CL 
Overall L∞ 228.3 8.8577 210.8 245.8 
t0 -0.5147 0.2586 -1.0249 -0.00445 
k 0.8530 0.2055 0.4476 1.2585 
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Table 5 (continued). 
Parameter Estimate Standard Error Upper 95% 
CL 
Lower 95% 
CL 
Females Only L∞ 237.7 17.3300 203.3 272.1 
t0 -0.7046 0.6124 -1.9216 0.5125 
k 0.7486 0.3573 0.0386 1.4587 
Males Only L∞ 222.1 12.6760 196.9 247.3 
 t0 -0.5886 0.5191 -1.6206 0.4435 
 k 0.8374 0.3542 0.1332 1.5416 
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Figure 5. Graph showing the length vs. age distribution for all Micropogonias undulatus that were aged for this study in 2009. 
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Figure 6. Graph showing the length vs. age distribution for only Micropogonias undulatus females that were aged for this study in 
2009.   
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Figure 7. Graph showing the length vs. age distribution for only Micropogonias undulatus males that were aged for this study in 2009. 
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Problems with the Historical Comparison 
Since no historical data could be found for either of the Cynoscion species, no 
comparative analysis could be made to determine if shrimping has had a significant effect 
on the age and growth parameters of these species. The values for growth have simply 
been presented here for 2009 in anticipation of future comparisons. Only the historical 
age and growth data of Atlantic croaker (M. undulatus) were used in a separate analysis 
to compare with current data in 2009.  
In order to determine if a difference exists between the overall von Bertalanffy 
growth curve of this study versus that of Barger (1985), both the Cerrato (1990) 
likelihood ratio test based on the model variability and Hotellings’s (1931) T2 statistic 
were used. Hotelling’s T2 statistic provides a multivariate simultaneous comparison 
between the three von Bertalanffy parameters of each growth curve.  
Results: Barger versus Odom comparison 
Atlantic croaker is the most commonly caught bycatch species within the shrimp 
fishery, and thus, represents a prime candidate for showing fishing mortality related shifts 
in age and growth relationships. Aging was conducted on Atlantic croaker in 1985 by 
Barger, obtained via comparable National Marine Fisheries Service groundfish surveys 
conducted on the same vessel as this study. Original data for the Barger study was 
obtained from the Panama City NMFS lab for comparison to the results of this study of 
2009 fish. The parameters from both studies were significantly different. For the Barger 
1985 data, individuals ranged from 82-419 mm in Total Length (TL), and, between 0 and 
8 years old, based on a sample size of n=1233. The data from 2009 only ranged from 0 to 
5 years old, and from 97 to 305 mm TL, based on a total sample size of n=187. Both the 
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Cerrato (1990) likelihood ratio test and the Hotellings (1931) T2 statistic indicated a 
highly significant difference between von Bertalanffy growth curves of this study versus 
that of Barger (1985). Both comparison tests yielded a p-value of <0.0001. In order to try 
to improve the initial comparision between Odom and Barger data , the Barger 
(1985) data were limited to specimens with lengths between 97 and 307 mm , which is 
the same size range of the specimens in this study, in order to compare the growth of 
similar sized specimens. This resulted in a much larger L∞ (472.9), and much more 
negative t0 (-3.418), and a smaller k (0.112) for the limited Barger data. Both the Cerrato 
and the Hotellings T2 tests again indicated a highly significant difference between von 
Bertalanffy growth curves of this study versus that of the limited Barger (1985) data. 
Both tests have a p-value of <0.0001. 
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Figure 8. Graph of the length vs. age distribution for the overall Micropogonias undulatus relationship by Odom for 2009. 
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Figure 9. Graph the length vs. age distribution for the overall Micropogonias undulatus relationship by Barger in 1985 (initial 
comparision). 
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Discussion 
The differences in von Bertalanffy parameters between the Barger (1985) and the 
Odom (2009) croaker datasets studies could reflect multiple possible causes. With the 
initial comparison, the difference in the sample sizes as well as using the larger size at 
age dataset potentially skew the results and limit parameter estimates. However, when the 
data sets were limited to the same length range for both Barger and Odom data, there was 
still a highly significant statistical difference in the datasets (p <0.0001).  
 Data from this study indicates that the Atlantic croaker population has increased 
in abundance over time as shrimp effort steadily declined, as shown through the delta-
lognormal modeling processes discussed in the previous chapter. However, the current 
population is comprised of smaller younger individuals than the study of Barger (1985).  
 The protracted period of high fishing pressure due to shrimping may have 
changed growth rates in Atlantic croaker due to juvenescence of Atlantic croaker in this 
study area. Juvenescence is known to cause fish to attain a smaller L∞ at a faster rate (K) 
in order to mature and reproduce earlier in order to cope with the high selection pressure 
imposed by fishing.Since the shrimp fishery has been reduced to a fraction of what it 
once was, one should start to see more of the larger older individuals in contemporary 
samples. The present lack of such larger/older individuals in 2009 may be due to limited 
sample size. However, it is more likely that there has been a change in the size at age 
parameter for Atlantic croaker in the northern Gulf of Mexico. Changes in populations 
that reflect highly abundant small individuals at a young age will create density 
dependent effects that can potentially change the growth rate, spawning potential, prey 
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availability, prey selectivity, and predator influences on the species in the geographical 
area of study (Crowder and Murawski, 1998).  
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APPENDIX A1 
 
Summary of backward selection procedure for building delta-lognormal submodels for Micropogonias undulatus index of relative abundance from 
1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 42268.4) Lognormal Submodel Type 3 Tests (AIC 24505.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value 
Pr >  
ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 375.68 17.08 <.0001 <.0001 22 5646 35.15 <.0001 
Time of Day 1 8960 220.34 220.34 <.0001 <.0001 1 5646 111.18 <.0001 
Depth Zone 22 8960 461.69 20.99 <.0001 <.0001 22 5646 41.33 <.0001 
Shrimp Statistical 
Zone 
10 8960 365.88 36.59 <.0001 <.0001 10 5646 65.12 <.0001 
Season 1 8960 1033.29 1033.29 <.0001 <.0001 1 5646 10.89 0.0010 
Sediment Type 3 8960 24.49 8.16 <.0001 <.0001 3 5646 0.86 0.4612 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 42268.4) Lognormal Submodel Type 3 Tests (AIC 24500.9)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value 
Pr >  
ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 375.68 17.08 <.0001 0.0029 22 5649 35.06 <.0001 
Time of Day 1 8960 220.34 220.34 <.0001 <.0001 1 5649 111.54 <.0001 
Depth Zone 22 8960 461.69 20.99 <.0001 <.0001 22 5649 44.81 <.0001 
Shrimp Statistical 
Zone 
10 8960 365.88 36.59 <.0001 <.0001 10 5649 66.09 <.0001 
Season 1 8960 1033.29 1033.29 <.0001 <.0001 1    5649 10.82 0.0010 
Sediment Type 3 8960 24.49 8.16 <.0001 <.0001 dropped 
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APPENDIX A2 
 
Summary of backward selection procedure for building delta-lognormal submodels for Stenotomus caprinus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 49023.4) Lognormal Submodel Type 3 Tests (AIC 24620.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 342.55 15.57 <.0001 <.0001 22 6410 21.02 <.0001 
Time of Day 1 8960 61.10 61.10 <.0001 <.0001 1 6410 41.77 <.0001 
Depth Zone 22 8960 1801.89 81.90 <.0001 <.0001 22 6410 15.71 <.0001 
Shrimp Statistical 
Zone 
10 8960 626.37 62.64 <.0001 <.0001 10 6410 59.84 <.0001 
Season 1 8960 79.79 79.79 <.0001 <.0001 1 6410 152.26 <.0001 
Sediment Type 3 8960 30.80 10.27 <.0001 <.0001 3 6410 6.57 0.0002 
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APPENDIX A3 
 
 
Summary of backward selection procedure for building delta-lognormal submodels for Peprilus burti index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 40829.8) Lognormal Submodel Type 3 Tests (AIC 20411.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 146.49 6.66 <.0001 <.0001 22 5206 7.46 <.0001 
Time of Day 1 8960 974.46 974.46 <.0001 <.0001 1 5206 1022.04 <.0001 
Depth Zone 22 8960 130.38 5.93 <.0001 <.0001 22 5206 3.66 <.0001 
Shrimp Statistical 
Zone 
10 8960 359.50 35.95 <.0001 <.0001 10 5206 5.25 <.0001 
Season 1 8960 86.11 86.11 <.0001 <.0001 1 5206 250.23 <.0001 
Sediment Type 3 8960 60.28 20.09 <.0001 <.0001 3 5206 4.84 0.0023 
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APPENDIX A4 
 
 
Summary of backward selection procedure for building delta-lognormal submodels for Leiostomus xanthurus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 40978.6) Lognormal Submodel Type 3 Tests (AIC 14547.4)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 88.05 4.00 <.0001 <.0001 22 3677 4.15 <.0001 
Time of Day 1 8960 199.47 199.47 <.0001 <.0001 1 3677 22.19 <.0001 
Depth Zone 22 8960 285.04 12.96 <.0001 <.0001 22 3677 2.39 0.0003 
Shrimp Statistical 
Zone 
10 8960 343.19 34.32 <.0001 <.0001 10 3677 19.49 <.0001 
Season 1 8960 774.63 774.63 <.0001 <.0001 1 3677 77.21 <.0001 
Sediment Type 3 8960 2.21 0.74 0.5299 0.5300 3 3677 18.06 <.0001 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 40975.3) Lognormal Submodel Type 3 Tests (AIC 14547.4)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8963 87.58 3.98 <.0001 <.0001 22 3677 4.15 <.0001 
Time of Day 1 8963 199.40 199.40 <.0001 <.0001 1 3677 22.19 <.0001 
Depth Zone 22 8963 292.24 13.28 <.0001 <.0001 22 3677 2.39 0.0003 
Shrimp Statistical 
Zone 
10 8963 349.87 34.99 <.0001 <.0001 10 3677 19.49 <.0001 
Season 1 8963 774.68 774.68 <.0001 <.0001 1 3677 77.21 <.0001 
Sediment Type dropped 3 3677 18.06 <.0001 
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APPENDIX A5 
 
Summary of backward selection procedure for building delta-lognormal submodels for Chloroscombrus chrysurus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 46188.4) Lognormal Submodel Type 3 Tests (AIC 16864.2)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 197.46 8.98 <.0001 <.0001 22 4012 4.85 <.0001 
Time of Day 1 8960 559.36 559.36 <.0001 <.0001 1 4012 729.10 <.0001 
Depth Zone 22 8960 1237.31 56.24 <.0001 <.0001 22 4012 18.40 <.0001 
Shrimp Statistical 
Zone 
10 8960 573.44 57.34 <.0001 <.0001 10 4012 36.03 <.0001 
Season 1 8960 185.55 185.55 <.0001 <.0001 1 4012 3.21 0.0733 
Sediment Type 3 8960 2.46 0.82 0.4820 0.4821 3 4012 1.28 0.2788 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 46142.5) Lognormal Submodel Type 3 Tests (AIC 16862.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8963 198.47 9.02 <.0001 <.0001 22 4015 4.86 <.0001 
Time of Day 1 8963 560.96 560.96 <.0001 <.0001 1 4015 729.14 <.0001 
Depth Zone 22 8963 1369.60 62.25 <.0001 <.0001 22 4015 21.87 <.0001 
Shrimp Statistical 
Zone 
10 8963 577.07 57.71 <.0001 <.0001 10 4015 37.65 <.0001 
Season 1 8963 186.64 186.64 <.0001 <.0001 1 4015 3.32 0.0685 
Sediment Type dropped dropped  
  
  
 
66
 
Appendix A5 (continued). 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC 46142.5) Lognormal Submodel Type 3 Tests (AIC 16862.5)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8963 198.47 9.02 <.0001 <.0001 22 4016 4.90 <.0001 
Time of Day 1 8963 560.96 560.96 <.0001 <.0001 1 4016 732.53 <.0001 
Depth Zone 22 8963 1369.60 62.25 <.0001 <.0001 22 4016 23.59 <.0001 
Shrimp Statistical 
Zone 
10 8963 577.07 57.71 <.0001 <.0001 10 4016 37.30 <.0001 
Season 1 8963 186.64 186.64 <.0001 <.0001 dropped 
Sediment Type dropped dropped  
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APPENDIX A6 
 
Summary of backward selection procedure for building delta-lognormal submodels for Farfantepenaeus aztecus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 47915.1) Lognormal Submodel Type 3 Tests (AIC 27119.3)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 183.44 8.34 <.0001 <.0001 22 7441 34.36 <.0001 
Time of Day 1 8960 382.94 382.94 <.0001 <.0001 1 7441 2031.66 <.0001 
Depth Zone 22 8960 653.94 29.72 <.0001 <.0001 22 7441 26.90 <.0001 
Shrimp Statistical 
Zone 
10 8960 349.80 34.98 <.0001 <.0001 10 7441 27.63 <.0001 
Season 1 8960 34.28 34.28 <.0001 <.0001 1 7441 154.34 <.0001 
Sediment Type 3 8960 140.75 46.92 <.0001 <.0001 3 7441 15.61 <.0001 
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APPENDIX A7 
 
Summary of backward selection procedure for building delta-lognormal submodels for Synodus foetens index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 46746.7) Lognormal Submodel Type 3 Tests (AIC 17340.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square 
F 
Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 254.93 11.59 <.0001 <.0001 22 6239 27.91 <.0001 
Time of Day 1 8960 16.78 16.78 <.0001 <.0001 1 6239 233.03 <.0001 
Depth Zone 22 8960 1743.10 79.23 <.0001 <.0001 22 6239 18.84 <.0001 
Shrimp Statistical 
Zone 
10 8960 536.83 53.68 <.0001 <.0001 10 6239 19.15 <.0001 
Season 1 8960 82.94 82.94 <.0001 <.0001 1 6239 0.17 0.6767 
Sediment Type 3 8960 3.95 1.32 0.2666 0.2667 3 6239 2.35 0.0701 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 46733.0) Lognormal Submodel Type 3 Tests (AIC 17334.7)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square 
F 
Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8963 254.71 11.58 <.0001 <.0001 22 6240 27.91 <.0001 
Time of Day 1 8963 16.75 16.75 <.0001 <.0001 1 6240 232.94 <.0001 
Depth Zone 22 8963 1990.69 90.49 <.0001 <.0001 22 6240 18.85 <.0001 
Shrimp Statistical 
Zone 
10 8963 569.47 56.95 <.0001 <.0001 10 6240 19.15 <.0001 
Season 1 8963 83.07 83.07 <.0001 <.0001 dropped 
Sediment Type dropped 3 6240 2.36 0.0691 
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Appendix A7 (continued). 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC 46733.0) Lognormal Submodel Type 3 Tests (AIC 17329.2)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8963 254.71 11.58 <.0001 <.0001 22 6243 27.89 <.0001 
Time of Day 1 8963 16.75 16.75 <.0001 <.0001 1 6243 232.90 <.0001 
Depth Zone 22 8963 1990.69 90.49 <.0001 <.0001 22 6243 20.28 <.0001 
Shrimp Statistical 
Zone 
10 8963 569.47 56.95 <.0001 <.0001 10 6243 21.80 <.0001 
Season 1 8963 83.07 83.07 <.0001 <.0001 dropped 
Sediment Type dropped dropped 
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APPENDIX A8 
 
 
Summary of backward selection procedure for building delta-lognormal submodels for Ariopsis felis index of relative abundance from 
1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 54305.6) Lognormal Submodel Type 3 Tests (AIC 5707.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8120 123.88 5.63 <.0001 <.0001 22 1562 7.07 <.0001 
Time of Day 1 8120 34.44 34.44 <.0001 <.0001 1 1562 25.00 <.0001 
Depth Zone 20 8120 809.63 40.48 <.0001 <.0001 20 1562 16.92 <.0001 
Shrimp Statistical Zone 10 8120 189.98 19.00 <.0001 <.0001 10 1562 8.91 <.0001 
Season 1 8120 545.73 545.73 <.0001 <.0001 1 1562 43.23 <.0001 
Sediment Type 3 8120 4.69 1.56 0.1962 0.1963 3 1562 4.73 0.0027 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 54442.8) Lognormal Submodel Type 3 Tests (AIC 5707.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8123 119.80 5.45 <.0001 <.0001 22 1562 7.07 <.0001 
Time of Day 1 8123 33.52 33.52 <.0001 <.0001 1 1562 25.00 <.0001 
Depth Zone 20 8123 918.04 45.90 <.0001 <.0001 20 1562 16.92 <.0001 
Shrimp Statistical Zone 10 8123 194.26 19.43 <.0001 <.0001 10 1562 8.91 <.0001 
Season 1 8123 535.14 535.14 <.0001 <.0001 1 1562 2.31 <.0001 
Sediment Type dropped 3 1562 4.73 0.0027 
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APPENDIX A9 
 
Summary of backward selection procedure for building delta-lognormal submodels for Cynoscion arenarius index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 40556.7) Lognormal Submodel Type 3 Tests (AIC 13762.3)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 178.60 8.12 <.0001 <.0001 22 3888 7.97 <.0001 
Time of Day 1 8960 389.56 389.56 <.0001 <.0001 1 3888 3.17 0.0750 
Depth Zone 22 8960 56.67 2.58 <.0001 <.0001 22 3888 29.34 <.0001 
Shrimp Statistical 
Zone 
10 8960 491.31 49.13 <.0001 <.0001 10 3888 43.11 <.0001 
Season 1 8960 429.94 429.94 <.0001 <.0001 1 3888 32.52 <.0001 
Sediment Type 3 8960 97.73 32.58 <.0001 <.0001 3 3888 2.91 0.0331 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 40556.7) Lognormal Submodel Type 3 Tests (AIC 13761.2)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 178.60 8.12 <.0001 <.0001 22 3889 7.94 <.0001 
Time of Day 1 8960 389.56 389.56 <.0001 <.0001 dropped 
Depth Zone 22 8960 56.67 2.58 <.0001 <.0001 22 3889 29.19 <.0001 
Shrimp Statistical 
Zone 
10 8960 491.31 49.13 <.0001 <.0001 10 3889 42.88 <.0001 
Season 1 8960 429.94 429.94 <.0001 <.0001 1 3889 33.20 <.0001 
Sediment Type 3 8960 97.73 32.58 <.0001 <.0001 3 3889 2.82 0.0374 
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APPENDIX A10 
 
Summary of backward selection procedure for building delta-lognormal submodels for Cynoscion nothus index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 42999.1) Lognormal Submodel Type 3 Tests (AIC 12114.5)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8903 360.84 16.40 <.0001 <.0001 22 3186 9.37 <.0001 
Time of Day 1 8903 15.26 15.26 <.0001 <.0001 1 3186 60.33 <.0001 
Depth Zone 22 8903 781.02 35.50 <.0001 <.0001 22 3186 16.17 <.0001 
Shrimp Statistical 
Zone 
9 8903 85.82 9.54 <.0001 <.0001 9 3186 2.00 0.0353 
Season 1 8903 451.85 451.85 <.0001 <.0001 1 3186 27.66 <.0001 
Sediment Type 3 8903 50.55 16.85 <.0001 <.0001 3 3186 1.06 0.3634 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 42999.1) Lognormal Submodel Type 3 Tests (AIC 12111.9)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8903 360.84 16.40 <.0001 <.0001 22 3189 9.31 <.0001 
Time of Day 1 8903 15.26 15.26 <.0001 <.0001 1 3189 60.82 <.0001 
Depth Zone 22 8903 781.02 35.50 <.0001 <.0001 22 3189 17.55 <.0001 
Shrimp Statistical 
Zone 
9 8903 85.82 9.54 <.0001 <.0001 9 3189 2.20 0.0194 
Season 1 8903 451.85 451.85 <.0001 <.0001 1 3189 27.67 <.0001 
Sediment Type 3 8903 50.55 16.85 <.0001 <.0001 dropped 
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APPENDIX A11 
 
Summary of backward selection procedure for building delta-lognormal submodels for Trachurus lathami index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 46514.6) Lognormal Submodel Type 3 Tests (AIC 12909.2)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 307.32 13.97 <.0001 <.0001 22 3318 7.96 <.0001 
Time of Day 1 8960 848.17 848.17 <.0001 <.0001 1 3318 517.02 <.0001 
Depth Zone 22 8960 1255.56 57.07 <.0001 <.0001 22 3318 3.33 <.0001 
Shrimp Statistical 
Zone 
10 8960 259.00 25.90 <.0001 <.0001 10 3318 4.49 <.0001 
Season 1 8960 150.35 150.35 <.0001 <.0001 1 3318 76.38 <.0001 
Sediment Type 3 8960 3.88 1.29 0.2748 0.2748 3 3318 0.35 0.7878 
Model Run #2 Binomial Submodel Type 3 Tests (AIC46507.9) Lognormal Submodel Type 3 Tests (AIC 12902.5)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8963 305.81 13.90 <.0001 <.0001 22 3321 7.99 <.0001 
Time of Day 1 8963 845.37 845.37 <.0001 <.0001 1 3321 516.58 <.0001 
Depth Zone 22 8963 1365.34 62.06 <.0001 <.0001 22 3321 3.41 <.0001 
Shrimp Statistical 
Zone 
10 8963 258.15 25.82 <.0001 <.0001 10 3321 4.59 <.0001 
Season 1 8963 150.74 150.74 <.0001 <.0001 1 3321 76.90 <.0001 
Sediment Type dropped dropped  
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APPENDIX A12 
 
Summary of backward selection procedure for building delta-lognormal submodels for Lagodon rhomboides index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 39816.3) Lognormal Submodel Type 3 Tests (AIC 14649.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 81.49 3.70 <.0001 <.0001 22 4149 1.30 0.1572 
Time of Day 1 8960 0.11 0.11 0.7400 0.7400 1 4149 6.70 0.0097 
Depth Zone 22 8960 779.96 35.45 <.0001 <.0001 22 4149 7.71 <.0001 
Shrimp Statistical 
Zone 
10 8960 297.48 29.75 <.0001 <.0001 10 4149 21.59 <.0001 
Season 1 8960 13.40 13.40 0.0003 0.0003 1 4149 9.93 0.0016 
Sediment Type 3 8960 58.40 19.47 <.0001 <.0001 3 4149 10.89 <.0001 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 39811.7) Lognormal Submodel Type 3 Tests (AIC 14649.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8961 81.53 3.71 <.0001 <.0001 22 4149 1.30 0.1572 
Time of Day dropped 1 4149 6.70 0.0097 
Depth Zone 22 8961 780.07 35.46 <.0001 <.0001 22 4149 7.71 <.0001 
Shrimp Statistical 
Zone 
10 8961 297.45 29.75 <.0001 <.0001 10 4149 21.59 <.0001 
Season 1 8961 13.37 13.37 0.0003 0.0003 1 4149 9.93 0.0016 
Sediment Type 3 8961 58.36 19.45 <.0001 <.0001 3 4149 10.89 <.0001 
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APPENDIX A13 
 
Summary of backward selection procedure for building delta-lognormal submodels for Pristipomoides aquilonaris index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 62796.3) Lognormal Submodel Type 3 Tests (AIC 7949.3)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8255 64.08 2.91 <.0001 <.0001 22 2486 2.51 0.0001 
Time of Day 1 8255 49.60 49.60 <.0001 <.0001 1 2486 480.64 <.0001 
Depth Zone 20 8255 610.77 30.54 <.0001 <.0001 20 2486 44.89 <.0001 
Shrimp Statistical 
Zone 
10 8255 134.27 13.43 <.0001 <.0001 10 2486 25.23 <.0001 
Season 1 8255 149.70 149.70 <.0001 <.0001 1 2486 25.10 <.0001 
Sediment Type 3 8255 0.98 0.33 0.8064 0.8064 3 2486 0.89 0.4433 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 62893.5) Lognormal Submodel Type 3 Tests (AIC 7942.5)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8258 63.66 2.89 <.0001 <.0001 22 2489 2.54 <.0001 
Time of Day 1 8258 48.94 48.94 <.0001 <.0001 1 2489 479.19 <.0001 
Depth Zone 20 8258 615.67 30.78 <.0001 <.0001 20 2489 46.63 <.0001 
Shrimp Statistical 
Zone 
10 8258 136.95 13.70 <.0001 <.0001 10 2489 25.03 <.0001 
Season 1 8258 147.96 147.96 <.0001 <.0001 1 2489 25.22 <.0001 
Sediment Type dropped dropped 
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APPENDIX A14 
 
Summary of backward selection procedure for building delta-lognormal submodels for Trichurus lepturus index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 41203.4) Lognormal Submodel Type 3 Tests (AIC 11619.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 199.72 9.08 <.0001 <.0001 22 3166 6.00 <.0001 
Time of Day 1 8960 886.90 886.90 <.0001 <.0001 1 3166 490.27 <.0001 
Depth Zone 22 8960 149.69 6.80 <.0001 <.0001 22 3166 14.13 <.0001 
Shrimp Statistical 
Zone 
10 8960 209.35 20.94 <.0001 <.0001 10 3166 34.24 <.0001 
Season 1 8960 0.28 0.28 0.5984 0.5985 1 3166 94.14 <.0001 
Sediment Type 3 8960 49.50 16.50 <.0001 <.0001 3 3166 1.68 0.1701 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 41202.9) Lognormal Submodel Type 3 Tests (AIC 11616.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8961 199.73 9.08 <.0001 <.0001 22 3169 5.91 <.0001 
Time of Day 1 8961 887.10 887.10 <.0001 <.0001 1 3169 491.79 <.0001 
Depth Zone 22 8961 149.65 6.80 <.0001 <.0001 22 3169 15.45 <.0001 
Shrimp Statistical 
Zone 
10 8961 209.17 20.92 <.0001 <.0001 10 3169 35.54 <.0001 
Season dropped  1 3169 95.09 <.0001 
Sediment Type 3 8961 49.44 16.48 <.0001 <.0001 dropped  
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APPENDIX A15 
 
Summary of backward selection procedure for building delta-lognormal submodels for Callinectes similis index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 42868.0) Lognormal Submodel Type 3 Tests (AIC 21038.3) 
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 116.85 5.31 <.0001 <.0001 22 5708 12.80 <.0001 
Time of Day 1 8960 413.07 413.07 <.0001 <.0001 1 5708 953.96 <.0001 
Depth Zone 22 8960 1082.79 49.22 <.0001 <.0001 22 5708 10.98 <.0001 
Shrimp Statistical 
Zone 
10 8960 240.26 24.03 <.0001 <.0001 10 5708 35.44 <.0001 
Season 1 8960 2.52 2.52 0.1126 0.1127 1 5708 119.89 <.0001 
Sediment Type 3 8960 190.03 63.34 <.0001 <.0001 3 5708 4.15 0.0060 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 42865.0) Lognormal Submodel Type 3 Tests (AIC 21038.3) 
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8961 116.95 5.32 <.0001 <.0001 22 5708 12.80 <.0001 
Time of Day 1 8961 413.22 413.22 <.0001 <.0001 1 5708 953.96 <.0001 
Depth Zone 22 8961 1082.57 49.21 <.0001 <.0001 22 5708 10.98 <.0001 
Shrimp Statistical 
Zone 
10 8961 239.14 23.91 <.0001 <.0001 10 5708 35.44 <.0001 
Season dropped 1 5708 119.89 <.0001 
Sediment Type 3 8961 189.89 63.30 <.0001 <.0001 3 5708 4.15 0.0060 
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APPENDIX A16 
 
Summary of backward selection procedure for building delta-lognormal submodels for Centropristis philadelphicus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 42587.9) Lognormal Submodel Type 3 Tests (AIC 16187.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 235.73 10.71 <.0001 <.0001 22 5055 9.80 <.0001 
Time of Day 1 8960 1049.45 1049.45 <.0001 <.0001 1 5055 1378.95 <.0001 
Depth Zone 22 8960 1103.16 50.14 <.0001 <.0001 22 5055 3.65 <.0001 
Shrimp Statistical 
Zone 
10 8960 111.67 11.17 <.0001 <.0001 10 5055 44.35 <.0001 
Season 1 8960 90.26 90.26 <.0001 <.0001 1 5055 27.04 <.0001 
Sediment Type 3 8960 29.89 9.96 <.0001 <.0001 3 5055 4.46 0.0039 
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APPENDIX A17 
 
Summary of backward selection procedure for building delta-lognormal submodels for Lutjanus campechanus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 42949.4) Lognormal Submodel Type 3 Tests (AIC 14423.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 223.21 10.15 <.0001 <.0001 22 4491 8.98 <.0001 
Time of Day 1 8960 23.43 23.43 <.0001 <.0001 1 4491 26.35 <.0001 
Depth Zone 22 8960 1369.25 62.24 <.0001 <.0001 22 4491 25.75 <.0001 
Shrimp Statistical 
Zone 
10 8960 411.03 41.10 <.0001 <.0001 10 4491 34.53 <.0001 
Season 1 8960 716.38 716.38 <.0001 <.0001 1 4491 410.57 <.0001 
Sediment Type 3 8960 52.72 17.57 <.0001 <.0001 3 4491 4.39 0.0043 
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APPENDIX A18 
 
Summary of backward selection procedure for building delta-lognormal submodels for Litopenaeus setiferus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 49924.7) Lognormal Submodel Type 3 Tests (AIC 8406.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 154.32 7.01 <.0001 <.0001 22 2382 4.34 <.0001 
Time of Day 1 8960 26.55 26.55 <.0001 <.0001 1 2382 14.93 0.0001 
Depth Zone 22 8960 1618.33 73.56 <.0001 <.0001 22 2382 23.83 <.0001 
Shrimp Statistical 
Zone 
10 8960 350.02 35.00 <.0001 <.0001 10 2382 23.10 <.0001 
Season 1 8960 416.19 416.19 <.0001 <.0001 1 2382 150.33 <.0001 
Sediment Type 3 8960 124.42 41.47 <.0001 <.0001 3 2382 4.76 0.0026 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
81
 
APPENDIX A19 
 
Summary of backward selection procedure for building delta-lognormal submodels for Rhizoprionodon terranovae index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 53440.9) Lognormal Submodel Type 3 Tests (AIC 1787.7)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8903 42.35 1.92 0.0057 0.0058 22 626 2.46 0.0003 
Time of Day 1 8903 207.61 207.61 <.0001 <.0001 1 626 4.83 0.0284 
Depth Zone 22 8903 136.08 6.19 <.0001 <.0001 22 626 7.07 <.0001 
Shrimp Statistical 
Zone 
9 8903 86.46 9.61 <.0001 <.0001 9 626 6.64 <.0001 
Season 1 8903 2.97 2.97 0.0850 0.0850 1 626 0.17 0.6814 
Sediment Type 3 8903 1.29 0.43 0.7320 0.7321 3 626 0.44 0.7258 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 53426.0) Lognormal Submodel Type 3 Tests (AIC 1783.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8906 42.06 1.91 0.0061 0.0062 22 629 2.44 0.0003 
Time of Day 1 8906 207.68 207.68 <.0001 <.0001 1 629 4.69 0.0307 
Depth Zone 22 8906 135.07 6.14 <.0001 <.0001 22 629 7.52 <.0001 
Shrimp Statistical 
Zone 
9 8906 86.13 9.57 <.0001 <.0001 9 629 6.68 <.0001 
Season 1 8906 2.93 2.93 0.0869 0.0870 1 629 0.18 0.6702 
Sediment Type   dropped dropped 
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Appendix A19 (continued). 
 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC53282.1) Lognormal Submodel Type 3 Tests (AIC 1780.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8907 42.72 1.94 0.0051 0.0052 22 630 2.45 0.0003 
Time of Day 1 8907 210.11 210.11 <.0001 <.0001 1 630 4.56 0.0332 
Depth Zone 22 8907 137.54 6.25 <.0001 <.0001 22 630 8.93 <.0001 
Shrimp Statistical 
Zone 
9 8907 88.06 9.78 <.0001 <.0001 9 630 6.67 <.0001 
Season dropped dropped 
Sediment Type dropped dropped 
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APPENDIX A20 
 
Summary of backward selection procedure for building delta-lognormal submodels for Lutjanus synagris index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 46243.2) Lognormal Submodel Type 3 Tests (AIC 6512.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8639 284.40 12.93 <.0001 <.0001 22 2011 5.00 <.0001 
Time of Day 1 8639 39.61 39.61 <.0001 <.0001 1 2011 1.71 0.1907 
Depth Zone 21 8639 773.77 36.85 <.0001 <.0001 21 2011 4.30 <.0001 
Shrimp Statistical 
Zone 
10 8639 507.83 50.78 <.0001 <.0001 10 2011 13.47 <.0001 
Season 1 8639 464.09 464.09 <.0001 <.0001 1 2011 61.26 <.0001 
Sediment Type 3 8639 38.02 12.67 <.0001 <.0001 3 2011 6.41 0.0003 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 46243.2) Lognormal Submodel Type 3 Tests (AIC 6509.6)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8639 284.40 12.93 <.0001 <.0001 22 2012 4.98 <.0001 
Time of Day 1 8639 39.61 39.61 <.0001 <.0001 dropped  
Depth Zone 21 8639 773.77 36.85 <.0001 <.0001 21 2012 4.31 <.0001 
Shrimp Statistical 
Zone 
10 8639 507.83 50.78 <.0001 <.0001 10 2012 13.45 <.0001 
Season 1 8639 464.09 464.09 <.0001 <.0001 1 2012 62.07 <.0001 
Sediment Type 3 8639 38.02 12.67 <.0001 <.0001 3 2012 6.37 0.0003 
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APPENDIX A21 
 
Summary of backward selection procedure for building delta-lognormal submodels for Menticirrhus americanus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 59789.1) Lognormal Submodel Type 3 Tests (AIC 3330.9)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8638 128.66 5.85 <.0001 <.0001 22 1019 2.68 <.0001 
Time of Day 1 8638 139.23 139.23 <.0001 <.0001 1 1019 19.06 <.0001 
Depth Zone 21 8638 505.12 24.05 <.0001 <.0001 21 1019 9.15 <.0001 
Shrimp Statistical 
Zone 
10 8638 212.91 21.29 <.0001 <.0001 10 1019 11.11 <.0001 
Season 1 8638 74.36 74.36 <.0001 <.0001 1 1019 15.43 <.0001 
Sediment Type 3 8638 2.31 0.77 0.5100 0.5100 3 1019 7.48 <.0001 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 59768.4) Lognormal Submodel Type 3 Tests (AIC 3330.9)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8642 127.70 5.80 <.0001 <.0001 22 1019 2.68 <.0001 
Time of Day 1 8642 137.68 137.68 <.0001 <.0001 1 1019 19.06 <.0001 
Depth Zone 21 8642 580.93 27.66 <.0001 <.0001 21 1019 9.15 <.0001 
Shrimp Statistical 
Zone 
10 8642 215.29 21.53 <.0001 <.0001 10 1019 11.11 <.0001 
Season 1 8642 73.71 73.71 <.0001 <.0001 1 1019 15.43 <.0001 
Sediment Type dropped  3 1019 7.48 <.0001 
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APPENDIX A22 
 
Summary of backward selection procedure for building delta-lognormal submodels for Balistes capriscus index of relative abundance 
from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 48279.0) Lognormal Submodel Type 3 Tests (AIC 5402.3 )  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 261.55 11.89 <.0001 <.0001 22 1819 8.49 <.0001 
Time of Day 1 8960 0.22 0.22 0.6422 0.6423 1 1819 4.02 0.0451 
Depth Zone 22 8960 478.00 21.73 <.0001 <.0001 22 1819 14.99 <.0001 
Shrimp Statistical 
Zone 
10 8960 235.64 23.56 <.0001 <.0001 10 1819 6.52 <.0001 
Season 1 8960 246.39 246.39 <.0001 <.0001 1 1819 24.15 <.0001 
Sediment Type 3 8960 38.56 12.85 <.0001 <.0001 3 1819 9.02 <.0001 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 48270.3) Lognormal Submodel Type 3 Tests (AIC 5402.3)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8961 261.75 11.90 <.0001 <.0001 22 1819 8.49 <.0001 
Time of Day dropped 1 1819 4.02 0.0451 
Depth Zone 22 8961 478.34 21.74 <.0001 <.0001 22 1819 14.99 <.0001 
Shrimp Statistical 
Zone 
10 8961 236.00 23.60 <.0001 <.0001 10 1819 6.52 <.0001 
Season 1 8961 246.50 246.50 <.0001 <.0001 1 1819 24.15 <.0001 
Sediment Type 3 8961 38.58 12.86 <.0001 <.0001 3 1819 9.02 <.0001 
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APPENDIX A23 
 
Summary of backward selection procedure for building delta-lognormal submodels for Mustelus sp. index of relative abundance from 
1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 58628.0) Lognormal Submodel Type 3 Tests (AIC 796.7)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7838 44.81 2.04 0.0028 0.0029 22 382 3.23 <.0001 
Time of Day 1 7838 19.45 19.45 <.0001 <.0001 1 382 1.10 0.2951 
Depth Zone 19 7838 243.11 12.80 <.0001 <.0001 19 382 6.03 <.0001 
Shrimp Statistical 
Zone 
10 7838 68.52 6.85 <.0001 <.0001 10 382 6.65 <.0001 
Season 1 7838 12.50 12.50 0.0004 0.0004 1 382 0.38 0.5379 
Sediment Type 3 7838 3.61 1.20 0.3071 0.3072 3 382 1.80 0.1470 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 58291.0 ) Lognormal Submodel Type 3 Tests (AIC 794.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7841 46.20 2.10 0.0019 0.0019 22 385 3.29 <.0001 
Time of Day 1 7841 20.17 20.17 <.0001 <.0001 1 385 1.22 0.2701 
Depth Zone 19 7841 250.17 13.17 <.0001 <.0001 19 385 6.60 <.0001 
Shrimp Statistical 
Zone 
10 7841 69.76 6.98 <.0001 <.0001 10 385 6.77 <.0001 
Season 1 7841 13.13 13.13 0.0003 0.0003 1 385 0.24 0.6213 
Sediment Type dropped dropped  
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Appendix A23 (continued). 
 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC58291.0) Lognormal Submodel Type 3 Tests (AIC 790.6)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7841 46.20 2.10 0.0019 0.0019 22 386 3.29 <.0001 
Time of Day 1 7841 20.17 20.17 <.0001 <.0001 1 386 1.23 0.2682 
Depth Zone 19 7841 250.17 13.17 <.0001 <.0001 19 386 6.67 <.0001 
Shrimp Statistical 
Zone 
10 7841 69.76 6.98 <.0001 <.0001 10 386 6.77 <.0001 
Season 1 7841 13.13 13.13 0.0003 0.0003 dropped 
Sediment Type dropped dropped 
Model Run #4 Binomial Submodel Type 3 Tests (AIC 58291.0) Lognormal Submodel Type 3 Tests (AIC 788.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7841 46.20 2.10 0.0019 0.0019 22 387 3.33 <.0001 
Time of Day 1 7841 20.17 20.17 <.0001 <.0001 dropped 
Depth Zone 19 7841 250.17 13.17 <.0001 <.0001 19 387 6.63 <.0001 
Shrimp Statistical 
Zone 
10 7841 69.76 6.98 <.0001 <.0001 10 387 6.73 <.0001 
Season 1 7841 13.13 13.13 0.0003 0.0003 dropped 
Sediment Type dropped  dropped 
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APPENDIX A24 
 
Summary of backward selection procedure for building delta-lognormal submodels for Brevoortia patronus index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 56686.3) Lognormal Submodel Type 3 Tests (AIC 2770.6)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8720 138.83 6.31 <.0001 <.0001 22 760 2.52 0.0002 
Time of Day 1 8720 7.21 7.21 0.0073 0.0073 1 760 8.40 0.0039 
Depth Zone 22 8720 909.26 41.33 <.0001 <.0001 22 760 2.91 <.0001 
Shrimp Statistical 
Zone 
9 8720 47.71 5.30 <.0001 <.0001 9 760 3.15 0.0010 
Season 1 8720 189.30 189.30 <.0001 <.0001 1 760 21.64 <.0001 
Sediment Type 2 8720 53.88 26.94 <.0001 <.0001 2 760 0.35 0.7081 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 56686.3) Lognormal Submodel Type 3 Tests (AIC 2769.6)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8720 138.83 6.31 <.0001 <.0001 22 762 2.50 0.0002 
Time of Day 1 8720 7.21 7.21 0.0073 0.0073 1 762 8.47 0.0037 
Depth Zone 22 8720 909.26 41.33 <.0001 <.0001 22 762 3.00 <.0001 
Shrimp Statistical 
Zone 
9 8720 47.71 5.30 <.0001 <.0001 9 762 3.15 0.0010 
Season 1 8720 189.30 189.30 <.0001 <.0001 1 762 21.51 <.0001 
Sediment Type 2 8720 53.88 26.94 <.0001 <.0001 dropped 
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APPENDIX A25 
 
Summary of backward selection procedure for building delta-lognormal submodels for Charcharhinus spp. index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 60606.87) Lognormal Submodel Type 3 Tests (AIC 265.3)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 21 8164 60.52 2.88 <.0001 <.0001 21 82 1.32 0.1902 
Time of Day 1 8164 23.68 23.68 <.0001 <.0001 1 82 1.27 0.2627 
Depth Zone 21 8164 39.80 1.90 0.0079 0.0080 21 82 2.61 0.0011 
Shrimp Statistical 
Zone 
9 8164 40.57 4.51 <.0001 <.0001 9 82 1.28 0.2590 
Season 1 8164 4.96 4.96 0.0259 0.0259 1 82 0.78 0.3787 
Sediment Type 3 8164 5.52 1.84 0.1375 0.1376 3 82 1.63 0.1879 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 60467.3) Lognormal Submodel Type 3 Tests (AIC 264.5)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 21 8167 60.34 2.87 <.0001 <.0001 21 83 1.30 0.1988 
Time of Day 1 8167 24.03 24.03 <.0001 <.0001 1 83 0.99 0.3231 
Depth Zone 21 8167 39.50 1.88 0.0085 0.0087 21 83 2.71 0.0007 
Shrimp Statistical 
Zone 
9 8167 45.65 5.07 <.0001 <.0001 9 83 1.23 0.2899 
Season 1 8167 5.22 5.22 0.0223 0.0223 dropped 
Sediment Type 21 8167 60.34 2.87 <.0001 <.0001 3 83 1.56 0.2052 
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Appendix A25 (continued). 
 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC 60467.3) Lognormal Submodel Type 3 Tests (AIC 263.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 21 8167 60.34 2.87 <.0001 <.0001 21 84 1.36 0.1606 
Time of Day 1 8167 24.03 24.03 <.0001 <.0001 dropped 
Depth Zone 21 8167 39.50 1.88 0.0085 0.0087 21 84 2.92 0.0003 
Shrimp Statistical 
Zone 
9 8167 45.65 5.07 <.0001 <.0001 9 84 1.17 0.3236 
Season 1 8167 5.22 5.22 0.0223 0.0223 dropped 
Sediment Type 21 8167 60.34 2.87 <.0001 <.0001 3 84 1.33 0.2690 
Model Run #4 Binomial Submodel Type 3 Tests (AIC 60467.3) Lognormal Submodel Type 3 Tests (AIC 270.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 21 8167 60.34 2.87 <.0001 <.0001 21 93 1.22 0.2570 
Time of Day 1 8167 24.03 24.03 <.0001 <.0001 dropped 
Depth Zone 21 8167 39.50 1.88 0.0085 0.0087 21 93 2.91 0.0002 
Shrimp Statistical 
Zone 
9 8167 45.65 5.07 <.0001 <.0001 dropped 
Season 1 8167 5.22 5.22 0.0223 0.0223 dropped 
Sediment Type 21 8167 60.34 2.87 <.0001 <.0001 3 93 1.65 0.1837 
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Appendix A25 (continued). 
 
 
Model Run #5 Binomial Submodel Type 3 Tests (AIC60467.3) Lognormal Submodel Type 3 Tests (AIC 273.6)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 21 8167 60.34 2.87 <.0001 <.0001 21 96 1.28 0.2097 
Time of Day 1 8167 24.03 24.03 <.0001 <.0001 dropped 
Depth Zone 21 8167 39.50 1.88 0.0085 0.0087 21 96 3.13 <.0001 
Shrimp Statistical 
Zone 
9 8167 45.65 5.07 <.0001 <.0001 dropped 
Season 1 8167 5.22 5.22 0.0223 0.0223 dropped 
Sediment Type 21 8167 60.34 2.87 <.0001 <.0001 dropped 
  
 
92
 
APPENDIX A26 
 
Summary of backward selection procedure for building delta-lognormal submodels for Farfantepenaeus duorarum index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 51611.1) Lognormal Submodel Type 3 Tests (AIC 6255.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8639 130.99 5.95 <.0001 <.0001 22 1738 4.21 <.0001 
Time of Day 1 8639 583.04 583.04 <.0001 <.0001 1 1738 106.11 <.0001 
Depth Zone 21 8639 502.85 23.95 <.0001 <.0001 21 1738 10.61 <.0001 
Shrimp Statistical 
Zone 
10 8639 255.15 25.51 <.0001 <.0001 10 1738 36.04 <.0001 
Season 1 8639 0.55 0.55 0.4582 0.4582 1 1738 20.83 <.0001 
Sediment Type 3 8639 58.69 19.56 <.0001 <.0001 3 1738 28.78 <.0001 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 51609.0) Lognormal Submodel Type 3 Tests (AIC 6255.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8640 131.01 5.95 <.0001 <.0001 22 1738 4.21 <.0001 
Time of Day 1 8640 583.09 583.09 <.0001 <.0001 1 1738 106.11 <.0001 
Depth Zone 21 8640 502.86 23.95 <.0001 <.0001 21 1738 10.61 <.0001 
Shrimp Statistical 
Zone 
10 8640 254.88 25.49 <.0001 <.0001 10 1738 36.04 <.0001 
Season dropped 1 1738 20.83 <.0001 
Sediment Type 3 8640 58.64 19.55 <.0001 <.0001 3 1738 28.78 <.0001 
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APPENDIX A27 
 
Summary of backward selection procedure for building delta-lognormal submodels for Paralichthys lethostigma index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 49919.2) Lognormal Submodel Type 3 Tests (AIC 2173.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8960 70.55 3.21 <.0001 <.0001 22 851 2.68 <.0001 
Time of Day 1 8960 0.84 0.84 0.3604 0.3604 1 851 0.01 0.9068 
Depth Zone 22 8960 59.96 2.73 <.0001 <.0001 22 851 8.09 <.0001 
Shrimp Statistical 
Zone 
10 8960 219.95 22.00 <.0001 <.0001 10 851 13.74 <.0001 
Season 1 8960 65.18 65.18 <.0001 <.0001 1 851 0.14 0.7109 
Sediment Type 3 8960 14.29 4.76 0.0025 0.0025 3 851 3.85 0.0094 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 49910.9) Lognormal Submodel Type 3 Tests (AIC 2169.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8961 70.47 3.20 <.0001 <.0001 22 852 2.68 <.0001 
Time of Day dropped dropped  
Depth Zone 22 8961 59.95 2.72 <.0001 <.0001 22 852 8.12 <.0001 
Shrimp Statistical 
Zone 
10 8961 220.55 22.05 <.0001 <.0001 10 852 13.76 <.0001 
Season 1 8961 65.36 65.36 <.0001 <.0001 1 852 0.14 0.7087 
Sediment Type 3 8961 14.28 4.76 0.0025 0.0026 3 852 3.85 0.0093 
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Appendix A27 (continued). 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC 50560.2) Lognormal Submodel Type 3 Tests (AIC 1376.7) 
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7078 67.97 3.09 <.0001 <.0001 22 377 1.30 0.1686 
Time of Day 1 7078 4.15 4.15 0.0417 0.0418 1 377 5.17 0.0236 
Depth Zone 17 7078 264.94 15.58 <.0001 <.0001 17 377 1.62 0.0567 
Shrimp Statistical 
Zone 
10 7078 138.44 13.84 <.0001 <.0001 dropped 
Season 1 7078 19.51 19.51 <.0001 <.0001 1 377 1.32 0.2518 
Sediment Type 3 7078 8.91 2.97 0.0305 0.0306 3 377 1.28 0.2803 
Model Run #4 Binomial Submodel Type 3 Tests (AIC 499010.9) Lognormal Submodel Type 3 Tests (AIC 2165.4) 
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8961 70.47 3.20 <.0001 <.0001 22 853 2.69 <.0001 
Time of Day dropped dropped 
Depth Zone 22 8961 59.95 2.72 <.0001 <.0001 22 853 8.81 <.0001 
Shrimp Statistical 
Zone 
10 8961 220.55 22.05 <.0001 <.0001 10 853 14.56 <.0001 
Season 1 8961 65.36 65.36 <.0001 <.0001 dropped 
Sediment Type 3 8961 14.28 4.76 0.0025 0.0026 3 853 3.85 0.0094 
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APPENDIX A28 
 
Summary of backward selection procedure for building delta-lognormal submodels for Rhomboplites aurorubens index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 50560.2) Lognormal Submodel Type 3 Tests (AIC 1366.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square 
F 
Value Pr > ChiSq Pr > F Num DF Den DF 
F 
Value Pr > F 
Year 22 7078 67.97 3.09 <.0001 <.0001 22 367 1.24 0.2132 
Time of Day 1 7078 4.15 4.15 0.0417 0.0418 1 367 5.42 0.0205 
Depth Zone 17 7078 264.94 15.58 <.0001 <.0001 17 367 1.68 0.0447 
Shrimp Statistical 
Zone 
10 7078 138.44 13.84 <.0001 <.0001 10 367 1.00 0.4396 
Season 1 7078 19.51 19.51 <.0001 <.0001 1 367 1.02 0.3137 
Sediment Type 3 7078 8.91 2.97 0.0305 0.0306 3 367 1.81 0.1449 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 50560.2) Lognormal Submodel Type 3 Tests (AIC 1376.7)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square 
F 
Value Pr > ChiSq Pr > F Num DF Den DF 
F 
Value Pr > F 
Year 22 7078 67.97 3.09 <.0001 <.0001 22 377 1.30 0.1686 
Time of Day 1 7078 4.15 4.15 0.0417 0.0418 1 377 5.17 0.0236 
Depth Zone 17 7078 264.94 15.58 <.0001 <.0001 17 377 1.62 0.0567 
Shrimp Statistical 
Zone 
10 7078 138.44 13.84 <.0001 <.0001 dropped 
Season 1 7078 19.51 19.51 <.0001 <.0001 1 377 1.32 0.2518  
Sediment Type 3 7078 8.91 2.97 0.0305 0.0306 3 377 1.28 0.2803  
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Appendix A28 (continued). 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC 50560.2) Lognormal Submodel Type 3 Tests (AIC 1377.1)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7078 67.97 3.09 <.0001 <.0001 22 380 1.26 0.1954 
Time of Day 1 7078 4.15 4.15 0.0417 0.0418 1 380 5.25 0.0225 
Depth Zone 17 7078 264.94 15.58 <.0001 <.0001 17 380 1.76 0.0312 
Shrimp Statistical 
Zone 
10 7078 138.44 13.84 <.0001 <.0001 dropped 
Season 1 7078 19.51 19.51 <.0001 <.0001 1 380 1.40 0.2369 
Sediment Type 3 7078 8.91 2.97 0.0305 0.0306 dropped  
Model Run #4 Binomial Submodel Type 3 Tests (AIC 50560.2) Lognormal Submodel Type 3 Tests (AIC 1376.4)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 7078 67.97 3.09 <.0001 <.0001 22 381 1.33 0.1494 
Time of Day 1 7078 4.15 4.15 0.0417 0.0418 1 381 5.56 0.0189 
Depth Zone 17 7078 264.94 15.58 <.0001 <.0001 17 381 1.76 0.0309 
Shrimp Statistical 
Zone 
10 7078 138.44 13.84 <.0001 <.0001 dropped 
Season 1 7078 19.51 19.51 <.0001 <.0001 dropped  
Sediment Type 3 7078 8.91 2.97 0.0305 0.0306 dropped 
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APPENDIX A29 
 
Summary of backward selection procedure for building delta-lognormal submodels for Scomberomorus cavalla index of relative 
abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 59105.3) Lognormal Submodel Type 3 Tests (AIC 1455.4)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8903 119.81 5.45 <.0001 <.0001 22 460 1.51 0.0657 
Time of Day 1 8903 233.45 233.45 <.0001 <.0001 1 460 8.98 0.0029 
Depth Zone 22 8903 90.47 4.11 <.0001 <.0001 22 460 4.47 <.0001 
Shrimp Statistical 
Zone 
9 8903 61.70 6.86 <.0001 <.0001 9 460 4.38 <.0001 
Season 1 8903 42.35 42.35 <.0001 <.0001 1 460 20.82 <.0001 
Sediment Type 3 8903 14.92 4.97 0.0019 0.0019 3 460 0.29 0.8361 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 59105.3) Lognormal Submodel Type 3 Tests (AIC 1452.9)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8903 119.81 5.45 <.0001 <.0001 22 463 1.48 0.0742 
Time of Day 1 8903 233.45 233.45 <.0001 <.0001 1 463 9.09 0.0027 
Depth Zone 22 8903 90.47 4.11 <.0001 <.0001 22 463 5.06 <.0001 
Shrimp Statistical 
Zone 
9 8903 61.70 6.86 <.0001 <.0001 9 463 4.53 <.0001 
Season 1 8903 42.35 42.35 <.0001 <.0001 1 463 21.86 <.0001 
Sediment Type 3 8903 14.92 4.97 0.0019 0.0019 dropped 
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APPENDIX A30 
 
Summary of backward selection procedure for building delta-lognormal submodels for Grouper (Mycteroperca/Epinephelus spp.) 
index of relative abundance from 1987-2009. 
 
Model Run #1 Binomial Submodel Type 3 Tests (AIC 78287.1) Lognormal Submodel Type 3 Tests (AIC 353.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8977 25.48 1.16 0.2748 0.2752 22 133 1.73 0.0310 
Time of Day 1 8977 0.86 0.86 0.3547 0.3547 1 133 0.56 0.4555 
Modified Depth Zone 5 8977 87.60 17.52 <.0001 <.0001 5 133 11.69 <.0001 
Shrimp Statistical 
Zone 
10 8977 38.23 3.82 <.0001 <.0001 10 133 2.59 0.0066 
Season 1 8977 0.64 0.64 0.4253 0.4253 1 133 0.68 0.4109 
Sediment Type 3 8977 0.91 0.30 0.8227 0.8227 3 133 0.95 0.4187 
Model Run #2 Binomial Submodel Type 3 Tests (AIC 78341.6) Lognormal Submodel Type 3 Tests (AIC 351.8)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8980 25.28 1.15 0.2840 0.2843 22 134 1.71 0.0337 
Time of Day 1 8980 0.85 0.85 0.3571 0.3572 dropped 
Modified Depth Zone 5 8980 90.96 18.19 <.0001 <.0001 5 134 11.98 <.0001 
Shrimp Statistical 
Zone 
10 8980 39.00 3.90 <.0001 <.0001 10 134 2.80 0.0035 
Season 1 8980 0.66 0.66 0.4183 0.4183 1 134 0.52 0.4705 
Sediment Type dropped 3 134 1.06 0.3689 
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Appendix A30 (continued). 
 
Model Run #3 Binomial Submodel Type 3 Tests (AIC 78339.5) Lognormal Submodel Type 3 Tests (AIC 350.0)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8981 25.58 1.16 0.2704 0.2707 22 135 1.70 0.0352 
Time of Day 1 8981 0.88 0.88 0.3473 0.3473 dropped  
Modified Depth Zone 5 8981 91.10 18.22 <.0001 <.0001 5 135 12.25 <.0001 
Shrimp Statistical 
Zone 
10 8981 39.18 3.92 <.0001 <.0001 10 135 2.76 0.0039 
Season dropped  dropped  
Sediment Type dropped  3 135 1.18 0.3181 
Model Run #4 Binomial Submodel Type 3 Tests (AIC 78412.8) Lognormal Submodel Type 3 Tests (AIC 348.6)  
Effect 
Num 
DF 
Den 
DF 
Chi-
Square F Value Pr > ChiSq Pr > F Num DF Den DF F Value Pr > F 
Year 22 8982 25.09 1.14 0.2929 0.2932 22 138 1.62 0.0503 
Time of Day dropped  dropped  
Modified Depth Zone 5 8982 89.64 17.93 <.0001 <.0001 5 138 11.70 <.0001 
Shrimp Statistical 
Zone 
10 8982 38.29 3.83 <.0001 <.0001 10 138 2.53 0.0080 
Season dropped  dropped  
Sediment Type dropped  dropped  
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APPENDIX B1 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Micropogonias undulatus, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B2 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Stenotomus caprinus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B3 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Peprilus burti, from the thirty 
groundfish species/species of interest chosen for analysis.  
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APPENDIX B4 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Leiostomus xanthurus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B5 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Chloroscombrus chrysurus, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B6 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Farfantepenaeus aztecus, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B7 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Synodus foetens, from the thirty 
groundfish species/species of interest chosen for analysis.  
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APPENDIX B8 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Ariopsis felis, from the thirty 
groundfish species/species of interest chosen for analysis.  
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APPENDIX B9 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Cynoscion arenarius, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B10 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Cynoscion nothus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B11 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Trachurus lathami, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B12 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Lagodon rhomboides, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B13 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Pristipomoides aquilonaris, 
from the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B14 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Trichurus lepturus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B15 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Callinectes similis, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B16 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Centropristis philadelphicus, 
from the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B17 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Lutjanus campechanus, from the 
thirty groundfish species/species of interest chosen for analysis.  
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
0
0.5
1
1.5
2
2.5
R
e
l
a
t
i
v
e
 
S
h
r
i
m
p
 
E
f
f
o
r
t
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
Year
Lutjanus campechanus
Scaled Lo Index
95% CL
Relative Shrimp Effort
  
 
117
 
APPENDIX B18 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Litopenaeus setiferus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B19 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Rhizoprionodon terranovae, 
from the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B20 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Lutjanus synagris, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B21 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Menticirrhus americanus, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B22 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Balistes capriscus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B23 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Mustelus spp., from the thirty 
groundfish species/species of interest chosen for analysis.  
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APPENDIX B24 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Brevoortia patronus, from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B25 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Charcharhinus spp., from the 
thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B26 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Farfantepenaeus duorarum, 
from the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B27 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Paralichthys lethostigma, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B28 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Rhomboplites aurorubens, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B29 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for Scomberomorus cavalla, from 
the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX B30 
 
Graph displaying relative abundance and relative shrimp effort over the time period 1987 to 2009 for all Grouper (Mycteroperca 
spp./Epinephelus spp.), from the thirty groundfish species/species of interest chosen for analysis.  
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APPENDIX C1 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Micropogonias undulatus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 103.78 0.15846 0.17760 0.11139 0.22541 
1988 148.36 0.22653 0.16954 0.16177 0.31720 
1989 129.92 0.19838 0.18246 0.13813 0.28489 
1990 181.57 0.27723 0.16704 0.19895 0.38631 
1991 516.66 0.78888 0.13946 0.59767 1.04127 
1992 367.81 0.56160 0.15617 0.41171 0.76605 
1993 389.95 0.59541 0.14113 0.44960 0.78849 
1994 212.08 0.32381 0.14395 0.24317 0.43121 
1995 302.54 0.46194 0.14705 0.34478 0.61891 
1996 386.22 0.58971 0.15685 0.43174 0.80547 
1997 264.72 0.40419 0.15534 0.29680 0.55044 
1998 508.03 0.77571 0.15057 0.57497 1.04652 
1999 298.78 0.45620 0.13835 0.34638 0.60084 
2000 220.27 0.33633 0.14860 0.25026 0.45199 
2001 580.60 0.88650 0.15433 0.65225 1.20488 
2002 361.72 0.55231 0.13352 0.42337 0.72052 
2003 407.25 0.62182 0.15021 0.46123 0.83831 
2004 464.62 0.70942 0.15072 0.52568 0.95738 
2005 1435.65 2.19207 0.13949 1.66067 2.89353 
2006 822.13 1.25529 0.13209 0.96497 1.63297 
2007 2804.46 4.28207 0.13295 3.28612 5.57986 
2008 2438.22 3.72287 0.11536 2.95806 4.68542 
2009 1718.07 2.62329 0.11003 2.10651 3.26685 
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APPENDIX C2 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Stenotomus caprinus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 415.779 1.11501 0.10818 0.89864 1.38346 
1988 228.129 0.61178 0.10990 0.49138 0.76168 
1989 197.047 0.52843 0.13378 0.40486 0.68971 
1990 145.650 0.39059 0.11776 0.30888 0.49392 
1991 123.065 0.33003 0.13067 0.25441 0.42812 
1992 530.050 1.42145 0.10222 1.15924 1.74297 
1993 282.527 0.75766 0.12075 0.59562 0.96378 
1994 334.782 0.89780 0.09730 0.73937 1.09016 
1995 353.811 0.94882 0.10931 0.76299 1.17992 
1996 853.640 2.28923 0.09783 1.88328 2.78269 
1997 514.012 1.37844 0.10891 1.10936 1.71279 
1998 334.053 0.89584 0.10278 0.72978 1.09969 
1999 210.412 0.56427 0.11228 0.45110 0.70584 
2000 150.305 0.40308 0.12613 0.31352 0.51821 
2001 263.475 0.70657 0.11977 0.55654 0.89705 
2002 173.639 0.46565 0.11513 0.37017 0.58578 
2003 577.444 1.54855 0.09642 1.27752 1.87708 
2004 384.635 1.03149 0.10508 0.83646 1.27198 
2005 993.874 2.66530 0.09414 2.20880 3.21615 
2006 558.017 1.49645 0.09758 1.23171 1.81809 
2007 389.870 1.04553 0.10843 0.84223 1.29790 
2008 338.950 0.90897 0.09466 0.75251 1.09796 
2009 223.387 0.59906 0.08598 0.50458 0.71123 
 
132 
 
 
APPENDIX C3 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Peprilus burti, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 81.250 1.10257 0.13790 0.83789 1.45085 
1988 69.499 0.94310 0.13789 0.71672 1.24097 
1989 69.785 0.94699 0.14700 0.70688 1.26865 
1990 91.269 1.23852 0.12681 0.96205 1.59443 
1991 55.092 0.74759 0.13861 0.56734 0.98511 
1992 66.860 0.90729 0.12564 0.70638 1.16534 
1993 92.495 1.25517 0.12349 0.98139 1.60532 
1994 86.018 1.16727 0.11363 0.93065 1.46405 
1995 55.441 0.75234 0.13574 0.57418 0.98577 
1996 116.226 1.57719 0.12642 1.22605 2.02889 
1997 92.623 1.25689 0.12390 0.98195 1.60882 
1998 71.999 0.97703 0.12150 0.76694 1.24467 
1999 55.393 0.75168 0.13369 0.57601 0.98093 
2000 28.318 0.38428 0.14602 0.28740 0.51382 
2001 56.585 0.76786 0.14816 0.57186 1.03105 
2002 46.472 0.63063 0.13222 0.48464 0.82058 
2003 78.214 1.06136 0.12420 0.82870 1.35935 
2004 72.281 0.98085 0.13432 0.75069 1.28159 
2005 66.257 0.89911 0.12988 0.69418 1.16454 
2006 28.882 0.39192 0.15153 0.28995 0.52976 
2007 183.126 2.48502 0.11993 1.95673 3.15594 
2008 89.871 1.21955 0.11760 0.96473 1.54167 
2009 40.959 0.55581 0.11405 0.44278 0.69770 
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APPENDIX C4 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Leiostomus xanthurus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 26.1029 0.62270 0.17422 0.44064 0.87998 
1988 41.0976 0.98041 0.17185 0.69698 1.37909 
1989 38.2063 0.91144 0.16839 0.65236 1.27339 
1990 37.5986 0.89694 0.16418 0.64730 1.24285 
1991 44.3097 1.05704 0.15913 0.77043 1.45027 
1992 35.3831 0.84409 0.16270 0.61092 1.16624 
1993 30.8657 0.73632 0.15890 0.53691 1.00979 
1994 30.2862 0.72250 0.15219 0.53383 0.97785 
1995 38.3717 0.91538 0.15866 0.66781 1.25474 
1996 49.3246 1.17667 0.15928 0.85738 1.61486 
1997 39.6292 0.94538 0.15444 0.69542 1.28518 
1998 43.4607 1.03678 0.15292 0.76495 1.40521 
1999 27.8212 0.66369 0.16215 0.48088 0.91599 
2000 19.7436 0.47100 0.16571 0.33889 0.65460 
2001 42.3798 1.01100 0.17329 0.71671 1.42612 
2002 33.3650 0.79594 0.15253 0.58771 1.07796 
2003 43.6519 1.04134 0.15705 0.76210 1.42291 
2004 38.8322 0.92637 0.16725 0.66452 1.29139 
2005 63.5096 1.51506 0.13994 1.14675 2.00167 
2006 47.1549 1.12491 0.14247 0.84720 1.49365 
2007 58.7866 1.40239 0.14012 1.06110 1.85346 
2008 94.4307 2.25271 0.12726 1.74829 2.90265 
2009 39.8200 0.94993 0.13652 0.72387 1.24660 
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APPENDIX C5 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Chloroscombrus chrysurus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 162.562 1.32199 0.17899 0.92680 1.88570 
1988 108.534 0.88263 0.18320 0.61371 1.26938 
1989 47.405 0.38551 0.20069 0.25908 0.57363 
1990 103.329 0.84029 0.17976 0.58821 1.20040 
1991 93.638 0.76149 0.18540 0.52721 1.09986 
1992 17.005 0.13829 0.22439 0.08877 0.21543 
1993 97.957 0.79661 0.18226 0.55492 1.14356 
1994 63.658 0.51768 0.19449 0.35212 0.76107 
1995 116.160 0.94464 0.17158 0.67191 1.32808 
1996 153.914 1.25166 0.17732 0.88036 1.77957 
1997 121.134 0.98509 0.18775 0.67890 1.42937 
1998 55.791 0.45370 0.19203 0.31009 0.66384 
1999 152.030 1.23634 0.17028 0.88163 1.73376 
2000 208.269 1.69369 0.15373 1.24762 2.29924 
2001 122.461 0.99588 0.19494 0.67680 1.46540 
2002 258.620 2.10315 0.16125 1.52655 2.89756 
2003 127.123 1.03379 0.16990 0.73775 1.44863 
2004 157.456 1.28047 0.17290 0.90845 1.80484 
2005 295.506 2.40313 0.14928 1.78576 3.23392 
2006 131.023 1.06551 0.17586 0.75157 1.51057 
2007 71.784 0.58377 0.19184 0.39913 0.85381 
2008 72.813 0.59213 0.17814 0.41581 0.84323 
2009 90.082 0.73257 0.15856 0.53454 1.00396 
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APPENDIX C6 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Farfantepenaeus aztecus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 61.487 0.48182 0.09903 0.39544 0.58707 
1988 32.912 0.25790 0.11249 0.20609 0.32274 
1989 82.370 0.64546 0.09978 0.52895 0.78764 
1990 96.324 0.75481 0.09045 0.63013 0.90415 
1991 119.324 0.93503 0.09128 0.77931 1.12187 
1992 62.064 0.48634 0.09060 0.40589 0.58274 
1993 78.991 0.61899 0.09101 0.51617 0.74228 
1994 84.744 0.66406 0.08840 0.55664 0.79221 
1995 135.323 1.06040 0.09066 0.88488 1.27075 
1996 77.278 0.60556 0.08886 0.50714 0.72309 
1997 76.842 0.60214 0.09182 0.50131 0.72325 
1998 105.753 0.82870 0.08555 0.69859 0.98304 
1999 129.510 1.01486 0.08776 0.85177 1.20917 
2000 162.308 1.27186 0.08604 1.07113 1.51021 
2001 100.628 0.78853 0.10077 0.64493 0.96411 
2002 125.223 0.98126 0.08509 0.82797 1.16295 
2003 117.412 0.92006 0.08465 0.77699 1.08946 
2004 149.151 1.16877 0.09067 0.97528 1.40064 
2005 118.865 0.93144 0.08838 0.78080 1.11114 
2006 326.715 2.56017 0.08182 2.17431 3.01452 
2007 143.128 1.12157 0.09251 0.93249 1.34898 
2008 189.583 1.48560 0.08051 1.26499 1.74468 
2009 359.193 2.81467 0.06883 2.45307 3.22958 
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APPENDIX C7 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Synodus foetens, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 12.6222 0.63046 0.076856 0.54076 0.73505 
1988 11.4076 0.56979 0.075182 0.49035 0.66210 
1989 12.9467 0.64667 0.093798 0.53628 0.77979 
1990 24.7659 1.23703 0.063844 1.08888 1.40532 
1991 32.2950 1.61309 0.061362 1.42696 1.82351 
1992 21.9117 1.09446 0.065551 0.96012 1.24760 
1993 14.5975 0.72913 0.083382 0.61731 0.86120 
1994 22.4249 1.12009 0.061805 0.98997 1.26732 
1995 32.4556 1.62111 0.065558 1.42211 1.84797 
1996 21.5142 1.07460 0.077103 0.92125 1.25349 
1997 13.5334 0.67597 0.083572 0.57209 0.79872 
1998 6.4445 0.32189 0.097759 0.26485 0.39122 
1999 11.5084 0.57483 0.081682 0.48832 0.67666 
2000 14.9212 0.74530 0.066505 0.65257 0.85120 
2001 15.2867 0.76355 0.084826 0.64460 0.90445 
2002 16.1025 0.80430 0.070150 0.69913 0.92528 
2003 20.8522 1.04154 0.069066 0.90731 1.19563 
2004 24.7153 1.23450 0.074156 1.06455 1.43157 
2005 34.8058 1.73850 0.058217 1.54757 1.95299 
2006 35.0313 1.74977 0.060607 1.55019 1.97504 
2007 26.9608 1.34666 0.072839 1.16432 1.55755 
2008 16.4925 0.82378 0.068974 0.71775 0.94548 
2009 16.8766 0.84296 0.059334 0.74872 0.94907 
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APPENDIX C8 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Ariopsis felis, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 4.9774 1.28944 0.30099 0.71551 2.32374 
1988 6.6231 1.71577 0.26969 1.00997 2.91480 
1989 4.5736 1.18482 0.27408 0.69165 2.02961 
1990 1.8958 0.49111 0.31098 0.26747 0.90175 
1991 4.6504 1.20471 0.28456 0.68947 2.10499 
1992 7.4663 1.93422 0.25810 1.16393 3.21429 
1993 7.7889 2.01778 0.24155 1.25323 3.24874 
1994 9.3433 2.42045 0.24027 1.50702 3.88753 
1995 13.7972 3.57427 0.25450 2.16567 5.89904 
1996 3.8337 0.99316 0.26493 0.58992 1.67202 
1997 1.5638 0.40513 0.31868 0.21750 0.75462 
1998 1.6168 0.41884 0.29840 0.23354 0.75115 
1999 2.0822 0.53942 0.31816 0.28988 1.00379 
2000 1.9656 0.50921 0.30743 0.27917 0.92880 
2001 1.3246 0.34316 0.34602 0.17515 0.67234 
2002 1.3239 0.34298 0.33440 0.17884 0.65775 
2003 1.2791 0.33137 0.30595 0.18218 0.60275 
2004 0.7880 0.20414 0.36382 0.10085 0.41320 
2005 0.5915 0.15324 0.37322 0.07442 0.31552 
2006 3.2364 0.83841 0.26516 0.49779 1.41211 
2007 1.5923 0.41249 0.31690 0.22218 0.76579 
2008 2.7560 0.71396 0.26045 0.42771 1.19178 
2009 3.7133 0.96195 0.22666 0.61481 1.50509 
 
 
138 
 
 
APPENDIX C9 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Cynoscion arenarius, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 5.3841 0.34452 0.16959 0.24601 0.48248 
1988 8.1938 0.52431 0.16897 0.37485 0.73337 
1989 15.0523 0.96319 0.14900 0.71614 1.29545 
1990 11.8203 0.75637 0.14022 0.57219 0.99985 
1991 21.7589 1.39233 0.12844 1.07804 1.79824 
1992 15.5459 0.99477 0.12446 0.77631 1.27470 
1993 18.8748 1.20778 0.12224 0.94670 1.54088 
1994 12.5325 0.80194 0.12499 0.62517 1.02869 
1995 32.3980 2.07312 0.11740 1.64059 2.61968 
1996 20.0467 1.28277 0.13031 0.98955 1.66287 
1997 12.2570 0.78431 0.14019 0.59335 1.03673 
1998 14.1416 0.90491 0.12607 0.70394 1.16325 
1999 10.2371 0.65506 0.14289 0.49295 0.87050 
2000 8.5027 0.54408 0.14008 0.41170 0.71902 
2001 14.1804 0.90739 0.15416 0.66785 1.23286 
2002 17.2082 1.10114 0.11763 0.87100 1.39209 
2003 6.7030 0.42892 0.17100 0.30543 0.60232 
2004 11.8577 0.75877 0.15631 0.55610 1.03529 
2005 19.4537 1.24483 0.13420 0.95294 1.62612 
2006 20.6624 1.32217 0.12396 1.03282 1.69258 
2007 14.0996 0.90222 0.15005 0.66944 1.21595 
2008 27.7593 1.77629 0.12102 1.39567 2.26071 
2009 20.7661 1.32880 0.10468 1.07841 1.63734 
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APPENDIX C10 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Cynoscion nothus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 10.0348 0.36321 0.19515 0.24674 0.53465 
1988 7.2355 0.26188 0.23182 0.16572 0.41385 
1989 10.4448 0.37805 0.21087 0.24910 0.57374 
1990 20.3892 0.73798 0.18884 0.50752 1.07308 
1991 18.5663 0.67200 0.17634 0.47356 0.95360 
1992 7.2125 0.26105 0.20801 0.17297 0.39400 
1993 14.3390 0.51899 0.18349 0.36066 0.74683 
1994 22.3252 0.80805 0.16829 0.57847 1.12875 
1995 13.5921 0.49196 0.18442 0.34126 0.70922 
1996 17.7437 0.64223 0.18154 0.44800 0.92066 
1997 25.3256 0.91665 0.16294 0.66313 1.26709 
1998 23.3975 0.84686 0.17349 0.60012 1.19505 
1999 34.6246 1.25322 0.14739 0.93475 1.68020 
2000 10.5429 0.38160 0.18131 0.26631 0.54678 
2001 28.0419 1.01497 0.16300 0.73418 1.40315 
2002 26.6928 0.96613 0.15159 0.71468 1.30605 
2003 31.7365 1.14869 0.15752 0.83988 1.57105 
2004 11.1545 0.40373 0.21047 0.26623 0.61225 
2005 44.0495 1.59435 0.15190 1.17869 2.15659 
2006 49.0999 1.77715 0.14156 1.34084 2.35544 
2007 71.7176 2.59579 0.13533 1.98268 3.39849 
2008 85.3684 3.08987 0.12885 2.39046 3.99392 
2009 51.8195 1.87559 0.11847 1.48114 2.37507 
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APPENDIX C11 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Trachurus lathami, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 59.9260 2.10026 0.15925 1.53044 2.88225 
1988 68.7761 2.41044 0.13776 1.83234 3.17093 
1989 23.2726 0.81565 0.19092 0.55867 1.19083 
1990 31.7896 1.11415 0.17865 0.78161 1.58817 
1991 11.9915 0.42028 0.19493 0.28563 0.61840 
1992 10.0890 0.35360 0.19963 0.23812 0.52507 
1993 11.4692 0.40197 0.18878 0.27647 0.58443 
1994 23.7910 0.83382 0.15420 0.61365 1.13298 
1995 12.1376 0.42539 0.19684 0.28803 0.62826 
1996 23.7371 0.83193 0.17114 0.59226 1.16859 
1997 88.1002 3.08770 0.14265 2.32465 4.10122 
1998 16.1741 0.56686 0.18290 0.39438 0.81478 
1999 22.9216 0.80335 0.17347 0.56931 1.13361 
2000 11.0519 0.38734 0.19313 0.26417 0.56795 
2001 30.5195 1.06964 0.18733 0.73778 1.55077 
2002 10.5960 0.37136 0.19112 0.25426 0.54240 
2003 12.7485 0.44681 0.19227 0.30523 0.65405 
2004 13.0630 0.45783 0.19958 0.30835 0.67977 
2005 31.0265 1.08741 0.16657 0.78109 1.51385 
2006 12.4399 0.43599 0.20480 0.29068 0.65394 
2007 97.7280 3.42514 0.14811 2.55111 4.59861 
2008 21.2305 0.74408 0.15976 0.54166 1.02214 
2009 11.6703 0.40902 0.16530 0.29453 0.56800 
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APPENDIX C12 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Lagodon rhomboides, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 11.5719 0.82130 0.14764 0.61228 1.10167 
1988 14.9544 1.06137 0.12589 0.82593 1.36391 
1989 12.8883 0.91473 0.13771 0.69541 1.20322 
1990 17.5287 1.24407 0.12155 0.97647 1.58501 
1991 17.2359 1.22329 0.12143 0.96038 1.55817 
1992 13.8308 0.98162 0.12265 0.76879 1.25338 
1993 16.9513 1.20310 0.11408 0.95838 1.51031 
1994 11.8893 0.84382 0.12488 0.65796 1.08219 
1995 17.7114 1.25704 0.11594 0.99765 1.58388 
1996 14.7418 1.04628 0.12777 0.81118 1.34953 
1997 13.7940 0.97901 0.13863 0.74293 1.29011 
1998 16.2275 1.15172 0.11780 0.91070 1.45653 
1999 13.4412 0.95397 0.11863 0.75309 1.20842 
2000 15.3374 1.08855 0.11009 0.87401 1.35575 
2001 11.4265 0.81098 0.14462 0.60819 1.08138 
2002 12.2453 0.86910 0.12064 0.68338 1.10529 
2003 13.8119 0.98028 0.12066 0.77078 1.24673 
2004 13.3616 0.94832 0.12685 0.73656 1.22096 
2005 14.2318 1.01008 0.11074 0.80995 1.25967 
2006 12.4253 0.88187 0.13098 0.67939 1.14469 
2007 11.0594 0.78492 0.14042 0.59355 1.03801 
2008 15.7140 1.11528 0.10434 0.90573 1.37331 
2009 11.6846 0.82930 0.10851 0.66794 1.02963 
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APPENDIX C13 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Pristipomoides aquilonaris, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 3.00737 1.03312 0.35906 0.51485 2.07311 
1988 1.41262 0.48528 0.38117 0.23232 1.01369 
1989 2.57598 0.88493 0.37693 0.42690 1.83439 
1990 6.47239 2.22346 0.31379 1.20461 4.10404 
1991 1.65384 0.56814 0.37063 0.27723 1.16434 
1992 1.48347 0.50962 0.37935 0.24477 1.06104 
1993 4.13932 1.42198 0.33863 0.73571 2.74839 
1994 6.61905 2.27384 0.30757 1.24631 4.14854 
1995 2.17159 0.74601 0.36902 0.36508 1.52439 
1996 3.59139 1.23375 0.34500 0.63088 2.41272 
1997 5.03839 1.73084 0.34494 0.88518 3.38442 
1998 3.10194 1.06561 0.35726 0.53279 2.13127 
1999 3.03221 1.04165 0.35790 0.52021 2.08578 
2000 2.28594 0.78529 0.37032 0.38340 1.60844 
2001 2.58901 0.88940 0.40255 0.40972 1.93066 
2002 2.71766 0.93360 0.36192 0.46283 1.88321 
2003 4.62159 1.58766 0.33911 0.82071 3.07132 
2004 3.78130 1.29899 0.34035 0.66995 2.51865 
2005 2.89988 0.99620 0.36326 0.49266 2.01440 
2006 0.69750 0.23961 0.43605 0.10402 0.55195 
2007 0.71159 0.24445 0.45422 0.10280 0.58127 
2008 0.77650 0.26675 0.36605 0.13125 0.54214 
2009 1.57139 0.53982 0.32712 0.28530 1.02140 
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APPENDIX C14 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Trichurus lepturus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 4.2850 0.29929 0.21940 0.19398 0.46177 
1988 3.2243 0.22520 0.23956 0.14041 0.36121 
1989 7.3518 0.51348 0.19570 0.34845 0.75669 
1990 13.0976 0.91480 0.16643 0.65728 1.27321 
1991 21.9349 1.53205 0.15706 1.12120 2.09343 
1992 11.9331 0.83347 0.16220 0.60383 1.15043 
1993 13.3511 0.93251 0.15251 0.68856 1.26289 
1994 8.0874 0.56486 0.15871 0.41205 0.77435 
1995 13.9924 0.97730 0.15644 0.71609 1.33379 
1996 12.7024 0.88720 0.16418 0.64027 1.22936 
1997 12.6771 0.88544 0.16054 0.64357 1.21819 
1998 11.7705 0.82211 0.15447 0.60471 1.11767 
1999 12.8682 0.89878 0.15521 0.66015 1.22367 
2000 6.5811 0.45966 0.18418 0.31900 0.66234 
2001 12.4961 0.87279 0.17691 0.61437 1.23990 
2002 14.7191 1.02805 0.14137 0.77595 1.36206 
2003 20.0256 1.39869 0.15343 1.03092 1.89764 
2004 12.7787 0.89253 0.15903 0.65066 1.22430 
2005 16.6358 1.16193 0.15623 0.85171 1.58513 
2006 13.1542 0.91876 0.15472 0.67547 1.24966 
2007 30.1783 2.10781 0.14418 1.58213 2.80815 
2008 27.1992 1.89973 0.13407 1.45465 2.48100 
2009 28.2564 1.97357 0.11538 1.56807 2.48394 
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APPENDIX C15 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Callinectes similis, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 30.0482 0.60044 0.12784 0.46545 0.77457 
1988 15.3552 0.30683 0.13410 0.23493 0.40074 
1989 28.3504 0.56651 0.13245 0.43517 0.73749 
1990 29.2572 0.58463 0.12323 0.45735 0.74733 
1991 36.8433 0.73622 0.12196 0.57739 0.93874 
1992 24.5524 0.49062 0.12786 0.38031 0.63293 
1993 59.0344 1.17965 0.10796 0.95116 1.46304 
1994 39.6146 0.79160 0.10789 0.63836 0.98162 
1995 60.5918 1.21077 0.11120 0.97001 1.51130 
1996 48.0616 0.96039 0.10924 0.77241 1.19412 
1997 42.3150 0.84556 0.11854 0.66763 1.07090 
1998 34.8607 0.69660 0.12521 0.54281 0.89397 
1999 53.0259 1.05959 0.11208 0.84740 1.32491 
2000 25.2177 0.50391 0.12502 0.39281 0.64644 
2001 97.3401 1.94510 0.11627 1.54274 2.45239 
2002 67.1259 1.34134 0.10566 1.08648 1.65599 
2003 59.2959 1.18488 0.10807 0.95517 1.46983 
2004 71.8457 1.43566 0.11328 1.14544 1.79941 
2005 65.9067 1.31698 0.10689 1.06415 1.62989 
2006 70.4550 1.40787 0.10537 1.14102 1.73712 
2007 53.9983 1.07902 0.12218 0.84586 1.37646 
2008 50.2295 1.00371 0.10727 0.81040 1.24314 
2009 87.6819 1.75210 0.09064 1.46214 2.09957 
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APPENDIX C16 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Centropristis philadelphicus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 12.6996 0.81671 0.10959 0.65639 1.01619 
1988 8.9888 0.57807 0.12740 0.44851 0.74505 
1989 9.6515 0.62069 0.12272 0.48604 0.79263 
1990 15.3824 0.98924 0.10851 0.79675 1.22823 
1991 9.6064 0.61779 0.11041 0.49571 0.76993 
1992 20.0181 1.28736 0.10163 1.05112 1.57670 
1993 16.0745 1.03375 0.10124 0.84469 1.26511 
1994 18.3273 1.17863 0.10025 0.96498 1.43957 
1995 18.6702 1.20068 0.09826 0.98692 1.46074 
1996 31.9624 2.05550 0.08554 1.73283 2.43825 
1997 22.5943 1.45304 0.09474 1.20273 1.75544 
1998 14.2731 0.91790 0.09872 0.75380 1.11773 
1999 20.6192 1.32602 0.09189 1.10383 1.59293 
2000 6.5115 0.41875 0.11893 0.33039 0.53076 
2001 12.5306 0.80584 0.10987 0.64729 1.00322 
2002 11.4287 0.73498 0.10095 0.60091 0.89895 
2003 14.2696 0.91768 0.10139 0.74963 1.12341 
2004 15.8086 1.01665 0.09933 0.83388 1.23948 
2005 19.3957 1.24734 0.09416 1.03366 1.50518 
2006 25.9043 1.66591 0.07925 1.42209 1.95153 
2007 6.2776 0.40371 0.13997 0.30555 0.53341 
2008 11.3741 0.73147 0.10143 0.59747 0.89552 
2009 15.2747 0.98231 0.08391 0.83080 1.16146 
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APPENDIX C17 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Lutjanus campechanus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 2.7621 0.32876 0.16387 0.23740 0.45528 
1988 3.1118 0.37039 0.15051 0.27457 0.49964 
1989 4.8978 0.58297 0.14867 0.43373 0.78357 
1990 11.0130 1.31083 0.10722 1.05849 1.62334 
1991 8.5514 1.01784 0.11508 0.80919 1.28030 
1992 3.5046 0.41713 0.13992 0.31574 0.55109 
1993 5.3551 0.63740 0.12641 0.49550 0.81993 
1994 12.0996 1.44017 0.11082 1.15466 1.79629 
1995 13.7033 1.63105 0.10483 1.32332 2.01035 
1996 8.3774 0.99713 0.11580 0.79160 1.25603 
1997 10.1400 1.20692 0.11563 0.95847 1.51978 
1998 5.9443 0.70753 0.13004 0.54609 0.91669 
1999 9.1414 1.08807 0.11630 0.86293 1.37194 
2000 10.0169 1.19228 0.10463 0.96771 1.46895 
2001 5.8736 0.69911 0.14016 0.52893 0.92405 
2002 7.1146 0.84682 0.11776 0.66967 1.07083 
2003 8.0379 0.95672 0.11786 0.75642 1.21005 
2004 13.6967 1.63027 0.10459 1.32330 2.00845 
2005 12.6733 1.50846 0.09430 1.24971 1.82079 
2006 11.3281 1.34834 0.10208 1.09992 1.65287 
2007 8.5940 1.02292 0.12636 0.79528 1.31571 
2008 5.9828 0.71211 0.10657 0.57576 0.88075 
2009 11.3149 1.34677 0.10000 1.10318 1.64414 
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APPENDIX C18 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Litopenaeus setiferus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 3.4377 0.39398 0.25560 0.23821 0.65160 
1988 4.6003 0.52721 0.23818 0.32957 0.84338 
1989 6.6946 0.76724 0.23889 0.47896 1.22902 
1990 2.7975 0.32061 0.25463 0.19421 0.52928 
1991 6.0963 0.69867 0.22554 0.44750 1.09081 
1992 5.8742 0.67321 0.23832 0.42073 1.07721 
1993 8.1714 0.93649 0.21299 0.61454 1.42709 
1994 3.9660 0.45452 0.23225 0.28739 0.71886 
1995 10.9073 1.25004 0.22678 0.79874 1.95632 
1996 6.1732 0.70748 0.23294 0.44674 1.12042 
1997 4.6037 0.52761 0.24525 0.32539 0.85552 
1998 15.8096 1.81186 0.20238 1.21366 2.70491 
1999 7.6462 0.87629 0.21050 0.57781 1.32896 
2000 7.4568 0.85459 0.21789 0.55551 1.31470 
2001 10.2812 1.17828 0.21421 0.77138 1.79981 
2002 11.1582 1.27879 0.20907 0.84555 1.93402 
2003 3.8924 0.44609 0.24100 0.27736 0.71747 
2004 7.9643 0.91275 0.22694 0.58305 1.42889 
2005 9.4124 1.07871 0.20637 0.71700 1.62290 
2006 15.7501 1.80505 0.19843 1.21841 2.67413 
2007 15.0254 1.72198 0.20479 1.14808 2.58277 
2008 9.7849 1.12140 0.19939 0.75555 1.66441 
2009 23.1851 2.65714 0.16426 1.91731 3.68244 
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APPENDIX C19 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Rhizoprionodon terranovae, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.35187 1.78924 0.27455 1.04356 3.06774 
1988 0.27159 1.38103 0.26226 0.82449 2.31326 
1989 0.17496 0.88965 0.32471 0.47230 1.67579 
1990 0.15294 0.77772 0.30329 0.42969 1.40762 
1991 0.12027 0.61155 0.30755 0.33521 1.11571 
1992 0.13607 0.69193 0.27459 0.40353 1.18644 
1993 0.21715 1.10420 0.26624 0.65425 1.86361 
1994 0.15008 0.76316 0.30690 0.41881 1.39064 
1995 0.30388 1.54523 0.23124 0.97893 2.43914 
1996 0.37943 1.92941 0.23134 1.22207 3.04617 
1997 0.19951 1.01451 0.26905 0.59791 1.72139 
1998 0.19316 0.98223 0.27425 0.57320 1.68314 
1999 0.15767 0.80176 0.32921 0.42211 1.52290 
2000 0.25466 1.29497 0.22553 0.82945 2.02175 
2001 0.14458 0.73518 0.34075 0.37889 1.42650 
2002 0.17024 0.86565 0.26795 0.51124 1.46575 
2003 0.16489 0.83846 0.27563 0.48803 1.44053 
2004 0.07964 0.40498 0.43399 0.17645 0.92951 
2005 0.13497 0.68633 0.32051 0.36721 1.28276 
2006 0.14282 0.72622 0.33977 0.37495 1.40660 
2007 0.19164 0.97450 0.27698 0.56576 1.67853 
2008 0.24558 1.24879 0.24588 0.76921 2.02737 
2009 0.18550 0.94328 0.26028 0.56527 1.57407 
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APPENDIX C20 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Lutjanus synagris, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.32629 0.17702 0.37362 0.08591 0.36476 
1988 0.36673 0.19896 0.35157 0.10052 0.39381 
1989 0.75498 0.40960 0.27399 0.23915 0.70154 
1990 0.53656 0.29110 0.30400 0.16062 0.52757 
1991 1.10966 0.60202 0.23998 0.37504 0.96638 
1992 1.05866 0.57435 0.23371 0.36214 0.91094 
1993 0.92542 0.50207 0.25059 0.30649 0.82246 
1994 1.61798 0.87780 0.20284 0.58747 1.31161 
1995 1.11244 0.60353 0.22633 0.38598 0.94370 
1996 1.52921 0.82964 0.21405 0.54331 1.26689 
1997 1.55201 0.84201 0.23813 0.52641 1.34683 
1998 0.93361 0.50651 0.24628 0.31176 0.82293 
1999 1.56710 0.85020 0.21995 0.55046 1.31315 
2000 4.99416 2.70948 0.16476 1.95315 3.75869 
2001 2.38668 1.29484 0.20299 0.86632 1.93533 
2002 1.92540 1.04458 0.18593 0.72247 1.51031 
2003 2.47022 1.34017 0.17081 0.95469 1.88130 
2004 2.32844 1.26325 0.20415 0.84328 1.89236 
2005 3.53353 1.91704 0.16763 1.37417 2.67438 
2006 5.64149 3.06067 0.16109 2.22225 4.21543 
2007 2.40815 1.30649 0.19898 0.88095 1.93760 
2008 1.30946 0.71042 0.19718 0.48070 1.04992 
2009 2.00584 1.08822 0.17461 0.76948 1.53901 
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APPENDIX C21 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Menticirrhus americanus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.14988 0.20585 0.59123 0.06886 0.61535 
1988 0.08641 0.11868 0.69926 0.03360 0.41917 
1989 0.43373 0.59569 0.41132 0.27016 1.31349 
1990 0.35662 0.48979 0.40729 0.22373 1.07223 
1991 0.27963 0.38405 0.42278 0.17067 0.86421 
1992 0.14406 0.19786 0.57501 0.06794 0.57621 
1993 0.35941 0.49363 0.38027 0.23670 1.02946 
1994 1.03038 1.41515 0.33240 0.74066 2.70390 
1995 1.25712 1.72656 0.30006 0.95973 3.10610 
1996 0.58016 0.79681 0.35171 0.40246 1.57755 
1997 0.64698 0.88858 0.35118 0.44926 1.75753 
1998 1.14325 1.57017 0.29042 0.88875 2.77406 
1999 0.75310 1.03433 0.32868 0.54508 1.96273 
2000 0.80459 1.10504 0.31112 0.60168 2.02952 
2001 1.94110 2.66596 0.28253 1.53162 4.64041 
2002 0.53845 0.73952 0.31950 0.39642 1.37957 
2003 0.32389 0.44484 0.40913 0.20253 0.97703 
2004 0.68507 0.94090 0.33450 0.49053 1.80477 
2005 0.62063 0.85239 0.34350 0.43707 1.66235 
2006 2.07574 2.85087 0.27012 1.67677 4.84710 
2007 0.95323 1.30919 0.31334 0.70988 2.41447 
2008 0.69686 0.95708 0.35180 0.48333 1.89519 
2009 0.88614 1.21705 0.27314 0.71173 2.08116 
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APPENDIX C22 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Balistes capriscus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.63105 0.55478 0.26961 0.32662 0.94235 
1988 0.48457 0.42601 0.28928 0.24165 0.75102 
1989 1.06021 0.93208 0.21617 0.60789 1.42915 
1990 0.47616 0.41861 0.28719 0.23839 0.73508 
1991 2.64361 2.32412 0.15694 1.70126 3.17501 
1992 0.30860 0.27130 0.33906 0.14026 0.52478 
1993 1.59892 1.40568 0.19182 0.96112 2.05587 
1994 1.74845 1.53714 0.16991 1.09693 2.15401 
1995 1.13356 0.99656 0.20794 0.66039 1.50386 
1996 0.71587 0.62936 0.25964 0.37761 1.04894 
1997 0.68656 0.60359 0.24524 0.37225 0.97871 
1998 0.10602 0.09320 0.70497 0.02617 0.33200 
1999 1.55701 1.36884 0.18405 0.95021 1.97192 
2000 2.51527 2.21129 0.16144 1.60442 3.04769 
2001 3.72882 3.27817 0.17280 2.32617 4.61979 
2002 1.09872 0.96594 0.20574 0.64282 1.45146 
2003 0.55194 0.48524 0.27430 0.28315 0.83156 
2004 0.58200 0.51166 0.24516 0.31560 0.82951 
2005 0.96414 0.84762 0.20659 0.56316 1.27578 
2006 1.50600 1.32399 0.20100 0.88926 1.97126 
2007 0.86213 0.75794 0.23090 0.48048 1.19561 
2008 0.96184 0.84560 0.18044 0.59114 1.20960 
2009 0.24032 0.21128 0.32330 0.11246 0.39694 
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APPENDIX C23 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Mustelus spp., for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.003527 0.14136 0.82459 0.03348 0.59695 
1988 0.006289 0.25206 0.60773 0.08214 0.77353 
1989 0.019470 0.78040 0.42578 0.34497 1.76544 
1990 0.024157 0.96827 0.37564 0.46820 2.00247 
1991 0.007637 0.30611 0.51255 0.11652 0.80423 
1992 0.025332 1.01538 0.35452 0.51022 2.02067 
1993 0.018117 0.72617 0.38658 0.34425 1.53178 
1994 0.035437 1.42043 0.32641 0.75170 2.68406 
1995 0.039980 1.60251 0.31301 0.86946 2.95361 
1996 0.023892 0.95764 0.34391 0.49068 1.86901 
1997 0.024989 1.00162 0.33615 0.52060 1.92707 
1998 0.019370 0.77640 0.41135 0.35209 1.71204 
1999 0.016351 0.65541 0.39814 0.30432 1.41153 
2000 0.038282 1.53447 0.30477 0.84546 2.78498 
2001 0.023602 0.94603 0.39434 0.44227 2.02359 
2002 0.020766 0.83235 0.36986 0.40672 1.70344 
2003 0.016135 0.64676 0.44932 0.27433 1.52480 
2004 0.020256 0.81193 0.36363 0.40126 1.64290 
2005 0.023205 0.93013 0.38358 0.44334 1.95141 
2006 0.057762 2.31527 0.30534 1.27431 4.20656 
2007 0.027515 1.10288 0.35756 0.55112 2.20704 
2008 0.033370 1.33758 0.30268 0.73987 2.41816 
2009 0.048371 1.93884 0.28584 1.10694 3.39594 
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APPENDIX C24 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Brevoortia patronus, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.30177 0.43848 0.48347 0.17533 1.09656 
1988 0.68516 0.99557 0.36932 0.48695 2.03543 
1989 1.92574 2.79818 0.31336 1.51719 5.16074 
1990 0.42389 0.61594 0.44041 0.26535 1.42972 
1991 0.11068 0.16083 0.69941 0.04552 0.56817 
1992 0.41320 0.60040 0.41208 0.27193 1.32565 
1993 0.26073 0.37885 0.47069 0.15485 0.92689 
1994 0.23376 0.33966 0.46622 0.13990 0.82461 
1995 0.52726 0.76613 0.40182 0.35340 1.66089 
1996 0.56293 0.81796 0.34954 0.41479 1.61299 
1997 1.74230 2.53163 0.30803 1.38640 4.62287 
1998 0.95109 1.38196 0.30600 0.75969 2.51396 
1999 0.75917 1.10310 0.35358 0.55526 2.19146 
2000 1.23487 1.79432 0.31445 0.97091 3.31603 
2001 0.20672 0.30038 0.55804 0.10603 0.85097 
2002 0.89258 1.29695 0.31928 0.69551 2.41849 
2003 0.78736 1.14407 0.35076 0.57887 2.26113 
2004 0.33267 0.48339 0.43882 0.20883 1.11892 
2005 0.49907 0.72517 0.38410 0.34532 1.52286 
2006 1.67324 2.43129 0.30149 1.34784 4.38564 
2007 0.74267 1.07913 0.40029 0.49914 2.33305 
2008 0.22958 0.33359 0.46880 0.13680 0.81352 
2009 0.33242 0.48302 0.43823 0.20889 1.11691 
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APPENDIX C25 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Carcharhinus spp., for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.017000 0.83075 1.19857 0.12583 5.48488 
1988 .     
1989 0.004542 0.22196 2.73342 0.01193 4.12995 
1990 0.015250 0.74521 1.16358 0.11712 4.74179 
1991 0.020074 0.98094 0.81891 0.23411 4.11030 
1992 0.004085 0.19962 2.87438 0.01010 3.94555 
1993 0.011284 0.55142 1.33221 0.07311 4.15869 
1994 0.007462 0.36465 1.79678 0.03303 4.02573 
1995 0.014879 0.72709 1.20193 0.10974 4.81728 
1996 0.019151 0.93585 0.97857 0.18169 4.82044 
1997 0.020788 1.01584 0.76542 0.26121 3.95056 
1998 0.005928 0.28968 2.37059 0.01853 4.52950 
1999 0.006108 0.29848 2.01837 0.02333 3.81813 
2000 0.010290 0.50283 1.37754 0.06390 3.95664 
2001 0.015488 0.75682 1.32708 0.10084 5.68003 
2002 0.004069 0.19884 2.80477 0.01036 3.81636 
2003 0.031821 1.55496 0.60504 0.50886 4.75160 
2004 0.057575 2.81350 0.44088 1.21109 6.53607 
2005 0.018648 0.91126 0.70921 0.25422 3.26645 
2006 0.026209 1.28075 0.76170 0.33108 4.95445 
2007 0.014844 0.72536 0.97946 0.14067 3.74034 
2008 0.044375 2.16846 0.55413 0.77033 6.10418 
2009 0.080336 3.92571 0.34190 2.01890 7.63350 
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APPENDIX C26 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Farfantepenaeus duorarum, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 2.1195 0.64732 0.28619 0.36932 1.13455 
1988 3.1597 0.96502 0.27291 0.56459 1.64945 
1989 2.5888 0.79065 0.30199 0.43791 1.42754 
1990 2.1953 0.67047 0.28891 0.38059 1.18117 
1991 4.2139 1.28697 0.25730 0.77563 2.13541 
1992 1.7862 0.54553 0.27860 0.31574 0.94254 
1993 10.0910 3.08192 0.21039 2.03262 4.67291 
1994 4.1661 1.27240 0.24585 0.78379 2.06558 
1995 8.5673 2.61656 0.21757 1.70190 4.02280 
1996 4.1568 1.26954 0.23899 0.79239 2.03401 
1997 4.6469 1.41922 0.23908 0.88566 2.27422 
1998 3.7950 1.15904 0.23329 0.73139 1.83676 
1999 1.6565 0.50591 0.27242 0.29626 0.86393 
2000 2.4080 0.73543 0.26785 0.43442 1.24501 
2001 1.9976 0.61010 0.31611 0.32911 1.13099 
2002 2.8799 0.87957 0.25252 0.53496 1.44617 
2003 1.4872 0.45420 0.28862 0.25796 0.79973 
2004 1.2678 0.38719 0.32670 0.20479 0.73203 
2005 1.1710 0.35764 0.29844 0.19940 0.64143 
2006 2.5541 0.78004 0.25049 0.47627 1.27758 
2007 2.1474 0.65584 0.28924 0.37205 1.15610 
2008 4.6015 1.40536 0.23244 0.88827 2.22347 
2009 1.6505 0.50407 0.23481 0.31715 0.80115 
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APPENDIX C27 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Paralichthys lethostigma, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.12155 0.44396 0.43265 0.19389 1.01657 
1988 0.24447 0.89288 0.29625 0.49988 1.59485 
1989 0.33439 1.22133 0.24866 0.74831 1.99336 
1990 0.25246 0.92209 0.25976 0.55312 1.53719 
1991 0.27152 0.99170 0.22900 0.63097 1.55866 
1992 0.28343 1.03520 0.23142 0.65558 1.63462 
1993 0.19611 0.71628 0.27773 0.41526 1.23551 
1994 0.19540 0.71368 0.25938 0.42841 1.18888 
1995 0.29600 1.08109 0.23832 0.67563 1.72985 
1996 0.40756 1.48856 0.21074 0.98109 2.25852 
1997 0.28207 1.03024 0.25249 0.62663 1.69383 
1998 0.31230 1.14065 0.23509 0.71729 1.81390 
1999 0.21864 0.79857 0.25831 0.48035 1.32758 
2000 0.30492 1.11369 0.23958 0.69433 1.78634 
2001 0.23128 0.84473 0.35222 0.42627 1.67399 
2002 0.16452 0.60089 0.31189 0.32670 1.10519 
2003 0.20751 0.75791 0.28123 0.43649 1.31601 
2004 0.15019 0.54854 0.31397 0.29708 1.01283 
2005 0.30280 1.10592 0.24317 0.68476 1.78613 
2006 0.66070 2.41312 0.18505 1.67187 3.48302 
2007 0.32807 1.19823 0.26271 0.71474 2.00878 
2008 0.23407 0.85492 0.25567 0.51684 1.41414 
2009 0.29729 1.08583 0.23391 0.68437 1.72279 
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APPENDIX C28 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Rhomboplites aurorubens, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.09023 0.66971 0.58178 0.22746 1.97180 
1988 0.01387 0.10291 1.19841 0.01559 0.67933 
1989 0.07335 0.54439 0.59776 0.18022 1.64438 
1990 0.13582 1.00807 0.49223 0.39711 2.55899 
1991 0.27044 2.00723 0.36669 0.98647 4.08425 
1992 0.04934 0.36623 0.63749 0.11390 1.17756 
1993 0.17299 1.28393 0.40783 0.58592 2.81348 
1994 0.16706 1.23996 0.44094 0.53369 2.88085 
1995 0.14908 1.10645 0.46168 0.45933 2.66525 
1996 0.23349 1.73300 0.42327 0.76946 3.90311 
1997 0.13312 0.98801 0.47264 0.40248 2.42538 
1998 0.04988 0.37024 0.61652 0.11898 1.15207 
1999 0.16964 1.25905 0.47295 0.51262 3.09238 
2000 0.16588 1.23117 0.41566 0.55407 2.73573 
2001 0.09432 0.70004 0.53070 0.25849 1.89583 
2002 0.24800 1.84064 0.37643 0.88875 3.81206 
2003 0.04025 0.29877 0.65951 0.08982 0.99383 
2004 0.15636 1.16050 0.43435 0.50530 2.66524 
2005 0.13502 1.00216 0.46669 0.41245 2.43500 
2006 0.03745 0.27798 0.69529 0.07917 0.97603 
2007 0.11340 0.84164 0.45531 0.35328 2.00508 
2008 0.13407 0.99504 0.40942 0.45280 2.18661 
2009 0.26581 1.97289 0.36980 0.96413 4.03712 
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APPENDIX C29 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for 
Scomberomorus cavalla, for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987 0.07436 0.42842 0.72735 0.11638 1.57718 
1988 0.07781 0.44825 0.62488 0.14217 1.41326 
1989 0.19300 1.11187 0.42706 0.49038 2.52099 
1990 0.14153 0.81539 0.41516 0.36728 1.81021 
1991 0.11410 0.65735 0.46379 0.27190 1.58922 
1992 0.02432 0.14009 1.16868 0.02190 0.89622 
1993 0.19937 1.14860 0.34295 0.58956 2.23772 
1994 0.17017 0.98036 0.43192 0.42870 2.24195 
1995 0.22451 1.29345 0.37797 0.62280 2.68628 
1996 0.06736 0.38804 0.60238 0.12752 1.18077 
1997 0.09226 0.53151 0.48466 0.21210 1.33193 
1998 0.12643 0.72836 0.45603 0.30535 1.73735 
1999 0.08781 0.50591 0.50355 0.19551 1.30912 
2000 0.08353 0.48123 0.45250 0.20299 1.14088 
2001 0.17857 1.02874 0.39638 0.47918 2.20858 
2002 0.10048 0.57887 0.50373 0.22363 1.49838 
2003 0.34971 2.01470 0.31413 1.09082 3.72109 
2004 0.36381 2.09592 0.29085 1.18539 3.70588 
2005 0.26061 1.50138 0.29927 0.83580 2.69698 
2006 0.20262 1.16729 0.32729 0.61673 2.20932 
2007 0.60099 3.46235 0.25073 2.11300 5.67338 
2008 0.10748 0.61919 0.48406 0.24734 1.55007 
2009 0.15149 0.87274 0.36700 0.42867 1.77682 
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APPENDIX C30 
 
Scaled delta-lognormal index values, coefficient of variance, and confidence limits for all 
grouper (Mycteroperca spp./Epinephelus spp.), for each survey year analyzed. 
 
Survey 
Year 
Delta-
lognormal 
Index 
Scaled 
Delta-
lognormal 
Index 
Coefficient 
of 
Variation 
Lower 
Confidence 
Limit 
Upper 
Confidence 
Limit 
1987    0.009083 0.97902 0.93449 0.20074 4.77472 
1988 0.008256 0.35998 1.04955 0.06423 2.01751 
1989 0.006749 0.06933 2.20493 0.00485 0.99083 
1990 0.041446 0.71156 0.74710 0.18783 2.69560 
1991 0.033929 0.94479 0.50767 0.36258 2.46187 
1992 0.014517 0.48727 0.91619 0.10226 2.32192 
1993 0.010914 0.21207 0.78803 0.05282 0.85145 
1994 0.028824 1.00709 0.67552 0.29547 3.43257 
1995 0.009297 0.14032 1.74291 0.01321 1.49029 
1996 0.059622 1.77326 0.41634 0.79707 3.94499 
1997 0.034236 1.40268 0.67317 0.41300 4.76394 
1998 0.012524 0.50830 0.93876 0.10367 2.49233 
1999 0.060850 2.17045 0.39009 1.02246 4.60736 
2000 0.024223 0.81398 0.52088 0.30552 2.16862 
2001 0.017409 0.62982 0.67517 0.18488 2.14554 
2002 0.054938 1.28991 0.41528 0.58090 2.86431 
2003 0.042623 1.01511 0.44160 0.43641 2.36119 
2004 0.040787 1.02127 0.43693 0.44267 2.35615 
2005 0.056040 1.38785 0.41080 0.63001 3.05732 
2006 0.066689 2.13048 0.39188 1.00041 4.53708 
2007 0.029372 0.92909 0.61796 0.29790 2.89762 
2008 0.041649 1.48149 0.41360 0.66916 3.27994 
2009 0.049368 1.53489 0.43839 0.66359 3.55020 
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APPENDIX D1 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Micropogonias undulatus.
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APPENDIX D2 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Stenotomus caprinus. 
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APPENDIX D3 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Peprilus burti. 
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APPENDIX D4 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Leiostomus xanthurus. 
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APPENDIX D5 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Chloroscombrus chrysurus. 
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APPENDIX D6 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Farfantepenaeus aztecus. 
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APPENDIX D7 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Synodus foetens. 
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APPENDIX D8 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Ariopsis felis. 
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APPENDIX D9 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Cynoscion arenarius. 
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APPENDIX D10 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Cynoscion nothus. 
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APPENDIX D11 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Trachurus lathami. 
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APPENDIX D12 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Lagodon rhombiodes. 
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APPENDIX D13 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Pristipomoides aquilonaris. 
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APPENDIX D14 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Trichiurus lepturus. 
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y = 1.836x - 1.2709
R = 0.3720
2006-2009
y = -4.908x + 3.9808
R = -0.5424
0
0.5
1
1.5
2
2.5
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
S
c
a
l
e
d
 
L
o
 
I
n
d
e
x
Relative Shrimp Effort
Trichiurus lepturus
Trichiurus lepturus 1999-2002
Trichiurus lepturus 2006-2009
Linear (Trichiurus lepturus 1999-2002)
Linear (Trichiurus lepturus 2006-2009)
  
 
174
 
APPENDIX D15 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Callinectes similis. 
 
1999-2002
y = 1.3995x - 0.3774
R = 0.11662006-2009
y = 1.0674x + 0.8201
R = 0.1873
0
0.5
1
1.5
2
2.5
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
S
c
a
l
e
d
 
L
o
 
I
n
d
e
x
Relative Shrimp Effort
Callinectes similis
Callinectes similis 1999-2002
Callinectes similis 2006-2009
Linear (Callinectes similis 1999-2002)
Linear (Callinectes similis 2006-2009)
  
 
175
 
APPENDIX D16 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Centropristis philadelphicus. 
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APPENDIX D17 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Lutjanus campechanus. 
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APPENDIX D18 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Litopenaeus setiferus. 
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APPENDIX D19 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Rhizoprionodon terranovae. 
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APPENDIX D20 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Lutjanus synagris. 
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APPENDIX D21 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Menticirrhus americanus. 
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APPENDIX D22 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Carcharhinus spp. 
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APPENDIX D23 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Balistes capriscus. 
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APPENDIX D24 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Mustelus spp. 
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APPENDIX D25 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Brevoortia patronus. 
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APPENDIX D26 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Farfantepenaeus duorarum. 
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APPENDIX D27 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Paralichthys lethostigma. 
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APPENDIX D28 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Rhomboplites aurorubens. 
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APPENDIX D29 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Scomberomorus cavalla. 
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APPENDIX D30 
 
Piecewise linear regression comparing the time periods 1999-2002 and 2006-2009 for Grouper (Mycteroperca/Epinephelus) spp. 
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APPENDIX D31 
 
List of the selected species/species groups for the study with the associated correlations, average CPUE, and values of standard error 
for each time period (1999-2002 and 2006-2009). This table summarizes the graphical data in appendixes D1-D30. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Species 
1999-2002 2006-2009 
Correlation Avg. CPUE Std. 
Error 
Correlation Avg. 
CPUE 
Std. Error 
Micropogonias undulatus 0.7929 365.3425  52.9923 -0.4414 1945.72 237.9401 
Stenotomus caprinus -0.4112 199.4578 23.5326 -0.1628 377.5560 37.0042 
Peprilus burti -0.0469 46.6920 6.5172 0.2214 85.7095 10.3948 
Leiostomus xanthurus 0.1288 30.8274 5.0540 -0.6279 60.0481 8.1022 
Chloroscombrus chrysurus  0.2105 185.3450 30.8700 0.5100 91.4255 16.0168 
Farfantepenaeus aztecus 0.3470 129.4173 11.5316 0.5493 254.6548 19.9898 
Synodus foetens 0.1253 14.4547 1.0897 0.2778 23.8403 1.5565 
Ariopsis felis -0.2851 1.6741 0.5420 -0.5760 2.8245 0.7306 
Cynoscion arenarius 0.5098 12.5321 1.7160 -0.6378 20.8219 2.5525 
Cynoscion nothus -0.3113 24.9756 3.9080 -0.7730 64.5014 8.4487 
Trachurus lathami -0.6159 18.7723 3.4632 0.3134 35.7672 5.5858 
Lagodon rhomboides  -0.2720 13.1126 1.6032 -0.7443 12.7208 1.5220 
Pristipomoides aquilonaris  -0.1741 2.6562 0.9894 -0.3063 0.9392 0.3564 
Trichiurus lepturus  0.3720 11.6661 1.8752 -0.5424 24.6970 3.3233 
Callinectes similis  0.1166 60.6774 6.8765 0.1873 65.5912 6.8392 
Centropristis philadelphicus  -0.4431 12.7725 1.2999 0.4100 14.7077 1.3417 
Lutjanus campechanus -0.3467 8.0366 0.9431 0.6572 9.3050 1.0028 
Litopenaeus setiferus  0.7439 9.1356 1.9424 0.2687 15.9364 2.9904 
Rhizoprionodon terraenovae 0.0283 0.1818 0.0511 -0.8994 0.1914 0.0526 
Lutjanus synagris  -0.0860 2.7183 0.5025 0.8220 2.8412 0.4991 
Menticirrhus americanus  -0.3759 1.0093 0.3046 0.7816 1.1530 0.3366 
Charcharinus spp.  -0.4504 2.2250 0.3908 -0.5549 0.8926 0.1883 
Balistes capriscus -0.4477 0.0248 0.0088 0.4655 0.0418 0.0129 
Mustelus spp.  -0.0024 0.7733 0.2643 0.3828 0.7445 0.2638 
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Appendix D31 (continued). 
 
 
Species 
1999-2002 2006-2009 
Correlation Avg. CPUE Std. 
Error 
Correlation Avg. 
CPUE 
Std. Error 
Brevoortia patronus  0.2232 0.0090 0.0146 0.8660 0.0414 0.0216 
Farfantepenaeus duorarum  0.9407 2.2355 0.6137 -0.6355 2.7384 0.6795 
Paralichthys lethostigma  -0.5620 0.2298 0.0656 0.8024 0.3800 0.0845 
Rhomboplites aurorubens  0.7305 0.1695 0.0731 -0.5395 0.1377 0.0577 
Scomberomorus cavalla  -0.0854 0.1126 0.0509 0.5402 0.2656 0.0812 
Grouper  
(Mycteroperca/Ephinephelus 
spp.) 
-0.2364 0.0394 0.0177 0.2100 0.0468 0.02079 
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APPENDIX E1 
 
VBGF parameters for Cynoscion arenarius (overall, females only, and males only) Overall individuals = 192.  
 
Parameter Estimate Standard Error Upper 95% CL Lower 95% CL 
Overall L∞ 317.9 15.0141 288.3 347.5 
t0 -0.1938 0.1322 -0.4547 0.0671 
k 0.6072 0.1025 0.4049 0.8094 
Females Only L∞ 368.2 72.1753 223.6 512.8 
t0 -0.5199 0.7310 -1.9842 0.9444 
k 0.4179 0.2718 -0.1266 0.9624 
Males Only L∞ 362.9 78.1294 207.6 518.3 
t0 -1.2978 1.2212 -3.7259 1.1303 
k 0.3012 0.2216 -0.1394 0.7418 
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APPENDIX E2 
 
VBGF parameters for Cynoscion nothus (overall, females only, and males only). Overall individuals = 127. 
 
Parameter Estimate Standard Error Upper 95% CL Lower 95% CL 
Overall L∞ 250.5 48.4756 154.5 346.5 
t0 -1.5315 0.9870 -3.4858 0.4228 
k 0.4205 0.3059 -0.1852 1.0262 
Females Only L∞ 205.3 12.5152 180.1 230.4 
t0 -0.2969 0.4507 -1.2031 0.6094 
k 1.2617 0.6196 0.0158 2.5076 
Males Only L∞ 14798.1 2357143 -4703536 4733132 
t0 -5.2137 6.9193 -19.0642 8.6368 
k 0.00179 0.2889 -0.5766 0.5801 
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Graph showing the length vs. age distribution for all Cynoscion arenarius that were aged for this study in 2009. The von Bertalanffy 
growth function was also applied to show the expected growth curve. 
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Graph showing the length vs. age distribution for all Cynoscion nothus that were aged for this study in 2009. The von Bertalanffy 
growth function was also applied to show the expected growth curve.   
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Graph showing the length vs. age distribution for only Cynoscion arenarius females that were aged for this study in 2009. The von 
Bertalanffy growth function was also applied to show the expected growth curve.  
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Graph showing the length vs. age distribution for only Cynoscion arenarius males that were aged for this study in 2009. The von 
Bertalanffy growth function was also applied to show the expected growth curve. 
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Graph showing the length vs. age distribution for only Cynoscion nothus females that were aged for this study in 2009. The von 
Bertalanffy growth function was also applied to show the expected growth curve. 
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Graph showing the length vs. age distribution for only Cynoscion nothus males that were aged for this study in 2009. The von 
Bertalanffy growth function was also applied to show the expected growth curve. 
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